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(57) ABSTRACT 

An electronic component contemplated comprises a) a sub- 
strate layer, b) a dielectric layer coupled to the substrate 
layer, c) a barrier layer coupled to the dielectric layer, d) a 
conductive layer coupled to the barrier layer, and e) a 
protective layer coupled to the conductive layer. The elec- 
tronic component contemplated herein can be produced by 
a) providing a substrate; b) coupling a dielectric layer to the 
substrate; c) coupling a barrier layer to the dielectric layer; 
d) coupling a conductive layer to the barrier layei; and e) 
coupling a protective layer to the conductive layer. The 
protective layer may then be cured to a desirable hardness. 
A method of planarizing a conductive surface of an elec- 
tronic component may comprise a) introducing or coupUng 
a protective layer onto a conductive layer; b) dispersing the 
protective layer across the conductive layer; c) curing the 
protective layer; d) introducing an etching solution onto the 
conductive layer, and e) etching the conductive surface to 
substantial planarity. 
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PLANARIZERS FOR SPIN ETCH 
PLANARIZATION OF ELECTRONIC 
COMPONENTS AND METHODS OF USE 
THEREOF 

[0001] This application is a continuation in part of U.S. 
UtiUty Application entided "Viscous Protective Overlayers 
for Planarization" (no serial number assigned as of filing 
date) incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
[0002] The field of the invention is planarization and 
electronic components. 

BACKGROUND OF THE INVENTION 
[0003] Electronic components arc used in ever increasing 
numbers of consumer and commercial electronic products. 
Examples of some of these consumer and commercial 
products are televisions, computers, cell phones pagers, a 
pakn-type organizer, portable radios, car stereos, or remote 
controls. As the demand for these consumer and commercial 
electronics increases, there is also a demand for those same 
products to become smaller and more portable for the 
consumers and businesses. 

[0004] As a result of the size decrease in these products, 
the components that comprise the products must also 
become smaUer. Examples of some of those components 
that need to be reduced in size or scaled down are printed 
circuit or wiring boards, resistors, wiring, keyboards, touch 
pads, and chip packaging. 

[0005] When electronic components are reduced in size or 
scaled down, any defects that are present in the larger 
components are going to be exaggerated in the scaled down 
components. Thus, the defects that are present or could be 
present in the larger component should be identified and 
corrected, if possible, before the component is scaled down 
for the smaller electronic products. 
[0006] In order to identify and correct defects in electronic 
components, the components, the materials used and the 
manufacturing processes for making those components 
should be broken down and analyzed. Electronic compo- 
nents arc composed, in some cases, of layers of materials, 
such as metals, polymers, metal alloys, inorganic niatenals 
or organometallic materials. The layers of materials are 
often thin (on the order of less than a millimeter in thickness) 
and delicate. 

[OMTT] As integrated dicuits (ICs) become smaUer and 
more advanced as to performance, it is imperative to 
increase the density of the components on the wafer, while 
increasing the i^ed at which the integrated circuit performs 
its functions. Increasing component density requires, among 
other things, decreasing the size of the conducting trendies 
and vias ("intetconnectO on the wafer. However, decreas- 
ing the cross-section of the current-canrying conductor 
increases the electrical resistance for the same conducting 
material, which degrades drcuit performance and increases 
heating of the interconnects. Thus, the materials and meth- 
ods for producing these integrated circuits need to be 
evaluated and potentially replaced by better performing 
materials and methods of production. 
[0008] Conventional IC technology uses tungsten (W) and 
aluminum (Al) interconnects and/or alloys containing these 



materials. Both tungsten and aluminum, and alloys thereof, 
have adequate electrical conductivity for use in electronic 
components, but future generations of ICs will preferably 
make use of higher conductivity materials, such as copper 
(Cu). 

[0009] Copper has several advantages that make it an ideal 
material for use in electronic components: a) copper has the 
highest conductivity of any metal except pure silver, b) 
copper is readily solderable, c) copper has excellent corro- 
sion resistance in natural environments. Copper alloys are 
also consklered excellent alloys for use in electronic com- 
ponents. Harper, Charles A. ed.. Electronic Packaging and 
Interconnect HandbooK Second Edition, McGraw-Hill 
(New York), 1997. Copper also has the disadvantage of 
being diffusive— diffusing easfly and widely through other 
materials typically used in the fabrication of ICs, seriously 
degrading IC performance. To control copper diffiiaon into 
the dielectric material, especially if the dielectric material is 
porous, barrier materials or layers may be deposited prior to 
copper deposition (or deposition of any "copper-hke** con- 
ductive material) to hinder diffusion of copper or another 
conductive material into the surrounding material or dielec- 
tric material. 

[0010] Once the layered material is prepared, it is pla- 
narized to provide a flat, smooth surface that can be pat- 
terned and etched with the accuracy required of modem IC 
components. Contact planarization, such as Chemical 
Mechanical Planarization (CMP), is known in the art and 
fiilly described in textbooks, such as Chemical Mechanical 
Planarization of Microelectronic Materials, by Joseph M. 
Steigerwald, Shyam P. Murarka and Ronald J. Gutrnan 
(1997). CMP makes use of a polishing pad brought into 
mediarrical contoct with a wafier to be planarized with an 
abrasive shirry interposed between the polishing pad and the 
wafer. Relative motion (typically rotation) of the polishing 
pad with reqject to the wafer leads to polishing of the wafer 
through medianical abrasion. Chemical etehing of the wafer 
then takes place through appUcation of an etehing sohition 
to the wafer. 

[0011] Non-contact planarization, such as Spin Etch Pla- 
narization (SEP), is another method of planarization 
whereby there is no mechanical abrasion of the surface of 
the wafer. The phnarizalion process takes place purely 
through applicatron of appropriate chemicals. The process of 
Spin Etch Planarization is described in U.S. patent applica- 
tion No. 09/356,487 and is incorporated by reference herein 
in its entirety. Aspects of non-contact planarization and Spm 
Eteh Planarization have been reported and discussed in the 
foUowing pubUcations: J. Levert, S. Mukherjee and D. 
DeBear, "Spin Etoh Planarization Process for Copper Dama- 
scene Interconnects" in Proceedings of SEMI Technology 
Symposium 99, Dec. 1-3, 1999, pp. 4-73 to 4-82; J. Lewrt, 
S. Mukherjee, D. DeBear, and M, Fury, "ANovel Spm-Etch 
Planarization Process for Dual-Damascene Copper Intercon- 
nects" in Electrochemical Society Conference, October 
1999, p. 162 ff; and Shyama F Mukherjee, Joseph A. Levert, 
and Donald S. DeBear, "Planarization of Copper Damascene 
Interconnects by Spin-Etch Process: A Chemical Approach" 
inMRS Spring Meeting, SanFrancisco, Calif, Apr. Z7, 2000 
and Donald S. DeBear, Joseph A. Levert, and Shyama 
Mukherjee, "Spin Etch Planarization for Dual Damascene 



us 2002/0117758 Al 



2 



Aug. 29, 2002 



Interconnect Structures" in Solid State Technology, March 
2000, 43(3), pp 53-60 including all of the references ated in 
all of the foregoing. 

[0012] Non-contact planarization suffers from a consider- 
able drawback— surface defects and imperfections are influ- 
enced by the planarization process and portions of the 
conductive layer in the imperfections or defect are undesir- 
ably removed resulting in a dish-like geometry. Dishmg is a 
common and undesirable side effect of removing the field 
region conductive layer and the barrier layer overlying the 
field region. In other words, the polishing or plananzation 
procedure wears down the tops of the imperfections but also 
can wear down the crevices of the imperfections, which 
results in a surface that contains constant imperfections 
despite implied planarization techniques. 
[0013] Therefore, there is a need to improve planarization 
techniques used in the fabrication of integrated circuits, such 
that imperfections and surface defects in the conductive 
layers are not removed or are minimally removed as the 
surface is being planarized Further, it is important that the 
improved planarization techniques do not hinckr or disrupt 
the process of build-up of the integrated circuit 

SUMMARY OF THE INVENTION 

[00141 An electronic component contemplated comprises 
a) a substrate layer, b) a dielectric material or layer coupled 
to the substrate layer, c) a barrier layer coupled to the 
dielectric material or layer, d) a conductive layer coupled to 
the barrier layer, and e) a protective layer coupled to the 
conductive layer. 

[0015] The electronic component contemplated herein can 
be produced by a) providing a substrate; b) coupling a 
dielectric layer to the substrate; c) coupling a barrier layer to 
the dielectric material or layer, d) coupling a conductive 
layer to the barrier layer; and e) coupling a protective layer, 
which planarizeis or can be planarized, to the conductive 
layer. The protective layer may then be cured to a desirable 
hardness. 

[0016] A method of planarizing a conductive surface of an 
electronic component may comprise a) introducing or cou- 
pling a protective layer onto a conductive layer; b) dispers- 
ing and planarizing the protective layer across the conduc- 
tive layer; c) curing the protective layer, d) introducmg an 
etching solution onto the conductive layer, and e) etching 
the conductive surface to substantial planarity. 
[0017] Various objects, features, aspects and advantages 
of the present invention will become more apparent from tiie 
following detailed descriptbn of preferred embodiments of 
the invention, along with the accompanying drawing? m 
which like numerals represent like components. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a sdiematic diagram of a conventional 
damascene metal interconnection structure before planariza- 
tion. 

[0019] FIG. 2 is a schematic diagram of a conventional 
component where the surface is polished and all imperfec- 
tions are removed. 

[0020] FIG. 3 is a schematic diagram showing a conven- 
tional layered material. 



[0021] FIG. 4 is a schematic diagram of a conventional 
layered material where the barrier layer is removed after its 
exposure by subsequent planarization along with removal of 
sufficient conductive material or layer to retain coplananty 
of the metal-filled feature and dielectric. 
[0022] FIG. 5 is a schematic diagram of a contemplated 
embodiment of the present invention. 
[0023] FIG. 6 is a schematic diagram of a contemplated 
embodiment of the present invention. 
[0024] FIG. 7 is a graph showing the Degree of Planariza- 
tion versus ±e Feature Size in micrometers. 

DETAILED DESCRIPTION 

[0025] Prior art FIG. 1 shows a schematic diagram of a 
conventional damascene metal interconnection stro^»f|^ 
before planarization comprising a) a substrate layer 110, b) 
a dielectric material or layer 120 coupled to the substrate 
layer 110, c) a barrier layer 130 coupled to the dielectric 
layer 120 and d) a conductive layer 140 coupled to the 
barrier layer 130. Hiis type of conventional interconnection 
structure might be found in several types of typical elec- 
tronic components. 

[0026] The dielectric material or layer 120 in FIG. 1 is 
usually patterned by techniques such as photoUthography^ 
and plasma etching, (Note: the terms "dielectric matenal 
and "dielectric layer^ are intended to be used interchange- 
ably throughout this disdosurc). The barrier layer 130 is 
typically deposited on the patterned dielectric followed by 
deposition of the conductive layer 140. Conventional barrier 
layers 130 comprise tantalum/tantalum nitride (Ta/TaN) and 
are used with copper conductive layers 1401 

[0027] The conductive layer in these conventional com- 
ponents contains imperfections that can be significant prob- 
lems when building a layered component FIG. 1 shows 
what imperfections 160 might look like on the surface of the 
conductive layer 140. Surface topography imperfections are 
created because of the conformal application of the conduc- 
tive layer to the surface topography of trenches and vias 
fonned by the underlying barrier material and diekctnc 
material. 

[0028] Ideally, to correct the imperfections 160 in a con- 
ventional electronic component, the surface of the conAic- 
tive layer is planarized or polished by some means, such as 
mechanical polishing, chemical polishing, or cheimcal 
mechanical polishing. FIG. 2 shows an ideal situation where 
the surface is polished and all imperfections are removed. 
Perfect planarization removes copper until the upper or 
elevated surface 142 of the conductive layer 140 is co-planar 
with the upper surface 132 of the bamer layer 130 on the 
field region, and at that point, etching is halted. Ideal 
planarization also removes the barrier layer 130 at the same 
rate as the conductive layer 140-«ubstantially a 1 to 1 
selectivity. 

[0029] Realistically, however, as the surface is being pla- 
narized, the imperfections 160 in the conductive layer 140 
are influenced by the planarization process and portions of 
the conductive layer 140 in the imperfections 160 are 
undesirably removed resulting in a dish-like geometry, 
which is tenned "dishing". The imperfections 160 can be 
created through dishing and by surface topography defects. 
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Dishing is a result of a non-efficient plananzaUon proc^ 
during removal of excess conductive matenal. (See MO. 
Dishing is a common and uiKlesirable side-efiGect of remov- 
ing the field region conductive layer 140 and the bainer 
layer 130 overlying the field region. In other words, the 
polishing or planarization procedure wears down Ae to^ of 
{he imperfections but also can wear down the c^ccs of the 
imperfections. Further, the etchants being used frcquentty do 
not remove the barrier layer 130 al the same rate as the 
conductive layer 140, which contributes to addiUonal for- 
mation of surface defects. 

r00301 FIG. 4 shows another conventional layered mate- 
rial where the barrier layer 130 is removed after its ei^ure 

by subsequent planarization along with removal of sufB^ent 
conductive material or layer 140 to retain coplananty of the 
metal-filled feature and dielectric layer 120. If the planariza- 
tion procedure achieves substantially a 1:1 selectivity m Ae 
removal of barrier material 130 and conductive layer 140, 
the direct planarization may be accomplished m one stq). 
However, this is quite an idealistic adiievement for any 
olanarization process. Any practical plananzation proems, 
such as the one disclosed herein, must take mto oonader- 
ation the effects of dishing and surface topography defects. 
[0031] FIG. 5 shows a preferred embodiment of an elec- 
tronic component 10 contemplated herein comprKing a) a 
substrate layer 110, b) a dielectric layer 120 coupled to ^e 
substrate layer 110, c) a barrier layer ^^^^^V^f jo toe 
dielectric layer 120, d) a conductive layer 140 coupled o the 
barrier layer 130, ande) aprotective layer 150 coupled to the 
conductive layer 140. 

r0032] As used herein, the term "electronic component" 
means that component that is part of an electronic device, 
such as a circuit board, a capacitor, a resistor, chip packag- 
ing, a layered integrated circuit or an inductor. It is prefened 
that the electronic component 10 comprises a arcmt board 
or layered integrated circuit. 

r0033] Tlie substrate layer 110, in this embodiment, is 
designed to a) be fimctional within the electronic compon^t 
10 Md b) provide support to the dielectnc layer 120. The 
substrate can comprise virtually any substance upon which 
a compound or dielectric material can be deposited, as weU 
as repeating layers like the layered structures contemplated 
herein. For example, contemplated substrat^ include mctak 
and non-metals, conductors and non-conductors, flexible 
and inflexible materials, absorfjent and non-absorbent mate- 
rials, flat and curved materials, textured and non-textured 
materials, and both largp and anall objects. Particularly 
preferred substrates are circuit boards, paper, glass, and 
metid objects. In prefened embodiments, the substrate com- 
prises silicon, sflicon-germanium, gallium-arsenide, indium 
phosphide, quartz, or sapphire wafer, with the sihcon wafer 
being the most prefened. 

r00341 Hie phrase "dielectric constant" means a dielecUic 
constaBt evaluated at 1 MHz to 2 GHz for a material^ unl^ 
otherwise inconsistent with context. It is contenapUted tot 
the value of the dielectric constant of the dielectnc layer 120 
is less than 3.0. In a preferred embodiment, the value of the 
dielectric constant is less than 23, and in stiU more prefened 
embodiments, the vahie of the dielectricconstant is less than 
2.0. 

r0035l The dielectric material or dielectric layer 120 (both 
the lenns "dielectric material" and "dielectric layer" can be 



used interchangeably) can be designed to satisfy several 
design goals, such as providing support for the substiate 
layer 110 and the banier layer 130, while mamtammg a 
relatively low dielectric constant. Tbe dielectiic layer 120 
can be coupled to the substrate layer 110 by any suitable 
process, such as use of an adhesive, hydrogen bondmg, 
electrostatic interactions. Van der Waals forces, and coulom- 
bic interactions. The dielectric material 120 may also either 
be porous or non-porous depending on the structural, elec- 
trical, and dielectric needs of the component. 
r0036l Porous dielectiic layers 120, as shown incorporal^ 
into an electionic component 10 in HG. 6, are dielectnc 
layers that contain both a soUd component, such as an 
organic, inorganic or organometalHc compound, and a phi- 
raUty of voids. As used herein, the word "void meaisa 
volume in which a mass is replaced with a gas. The 
compoation of the gas is generally not critical, and appro- 
priate gases include relatively pure gases and rnixtiires 
thereof, including air. \6ids 125 are typically spherical^ but 
may alternatively or additionally have any suitable shape, 
inchiding tubular, lameUar, discoidal, or other shapes. It is 
also contemplated that voids 125 may have any appropnate 
diameter. It is further contemplated that at least some voids 
125 may connect with adjacent voids 125 to create a 
stiuctiire with a significant amount of connected or open 
porosity Voids 125 preferably have a mean diameter of less 
than 1 micrometer, and more preferably have a mean diam- 
eter of less than 100 nanometers, and still more preferably 
have a mean diameter of less than 10 nanometers. It is 
further contemplated that voids 125 may be uniformly or 
randomly di^rsed within the dielectiic layer 120. In a 
prefened embodiment, voids 125 are umfonnly dispersed 
within the dielectiic layer 120. 

[0037] The dielectiic material or layer 120 can be com- 
posed of inorganic, organic, or organometalKc compounds, 
as well as mixtiires of these materials. Examples of con- 
templated inorganic compounds are siKcates, alummates and 
compounds containing tiansition metids. Exaniples of 
organic compounds include polyarylene ether, polyimides 
ai5 polyesters. Examples of contemplated organometa^lic 
compouBds include poly(dimethylsfloxane), poly(vmyla- 
loxane) and poly(tiifluoropropylsiloxane). 
r0038] The dielectiic material 120 may also include sub- 
stantiafly polymeric material, substantiaUy monomenc 
material or a mixture of both polymers and monomers 
depending on the desired final dielectiic composition, 
d^iredelectiical properties, and desired use of the dielectric 
material. It is further contemplated that the dielectiic mate- 
rial 120 may be composed of amorphous, cross-hnked 
crystaUine, or branched polymers. Prefened components of 
the dielectiic material 120 arc inorganic polymers. More 
prefened components of the dielectiic matenal 120 are 
inorganic, cross-linked polymers because of the increased 
durability and polymer stiength. TTie te™ 
refers to a process in ^ch at least two molecules, or two 
portions of a long molecule, are joined together by a 
chemical interaction. Such interactions may occur m many 
different ways, inchiding fonnation of a co>^ent bond, 
fonnation of hydrogen bonds, hydrophobic, hydnyhilic, 
ionic or electaostatic interaction. Furthennore, molecular 
interaction may also be characterized by an at least tempo- 
rary physical connection between a molecule and itseU or 
between two or more molecules. 
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[0039] Contemplated polymers may also comprise a wide 
range of functional or structural moieties, including aro- 
matic systems, and halogenated groups. Furthermore, appro- 
priate polymers may have many configurations, including a 
homopolymer, and a heteropol)mer. Moreover, alternative 
pol3rmers may have various forms, such as linear, branched, 
super-branched, or three-dimensional. The molecular wei^t 
of contemplated polymers spans a wide range, typically 
between 400 Dalton and 400000 Dalton or more. In a 
preferred embodiment, the dielectric material 120 comprises 
inorganic molecules or polymers. In a most preferred 
embodiment, the dtelectric material 120 comprises a poly- 
silicate. 

[0040] The dielectric material 120 may additionally or 
alternately comprise monomers in order to meet certain 
design goals and/or stmctural requirements. As used herein, 
the term ''monomer^ refers to any chemical compound that 
is cq>able of forming a oovalent bond with itself or a 
chemically different compound in a repetitive manner. The 
repetitive bond formation between monomers may lead to a 
linear, branched, super-branched, or three-dimensional 
product. Furttermore, monomers may themselves comprise 
repetitive building blocks, and Msiien polymerized the poly- 
mcis formed from such monomers are then termed ^blodc- 
polymers**. Monomers may belong to various chemical 
classes of molecules including oiganometallic or inoiganic 
molecules. Examples of contemplated oiganometallic 
monomers are octamethylcyclotetrasiloxane, methylpbenyl- 
cyclotetrasiloxane, hexanediyldisilazane, and triethyoxysi- 
lane. Examples of contemplated inorganic monomers 
include tetraethoxysilane or aluminum isopropoxide. The 
molecular weight of monomeis may vary greatly between 
about 40 Dalton and 20000 Dalton. However, especially 
when monomers comprise repetitive building blocks, mono- 
mers may have even higher molecular weights. Monomers 
may also include additional groups, such as groups used for 
crosslinking. 

[0041] In further alternative embodiments, many other 
silicoD-containing materials are contemplated as compo- 
nents of the dielectric material 120, including colloidal 
silica, fumed silica, siloxanes, silsequioxanes, and sol-gel- 
derived monosize silica. Appropriate silicon-containing 
compounds preferably have a size of below 100 nm, more 
preferably below 10 nm and most preferably below 5 nm. It 
is also contemplated that the dielectric material 120 may 
comprise materials other than silicon- containing materials, 
including organic, oiganometallic or partially-inoiganic 
materials, provided that such materials can be dissolved at 
least in part in a solvent that does not dissolve the dielectric 
material 120. For example, appropriate organic materials are 
polystyrene, and polyvinyl chloride. Contemplated organo- 
metallic materials are, for example, octamethylcyclotetrasi- 
loxane. Cbntemplated inoiganic materials are, for example, 
KNO3. 

[0042] Alternatively, the organic and inorganic com- 
pounds can be selected such that the inorganic component 
can be dissolved at least in part by a solution that does not 
dissolve the oiganic component of the dielectric material 
120. For example, colloidal silica can be dissolved by a 
dilute HF solution without dissolving an organic polymer 
such as polyarylene ether. 

[0043] In some preferred embodiments, dielectric material 
120 may comprise dielectric materials contemplated, pro- 



duced or disclosed by Honeywell, Inc. including, but not 
limited to: a) FLARE (poly(arylene ether)), such as those 
compounds disclosed in issued patents U.S. Pat. No. 5,959, 
157, U.S. Pat. No. 5,986,045, U.S. Pat. No. 6,124,421. U.S. 
Pat. No. 6,156312, U.S. Pat. No. 6,172,128, U.S. Pat No. 
6471,687, U.S. Pat. No. 6;il4,746, and pending application 
Scr. Nos. 09A97478, 09/538276, 09/544504, 09/741634, 
09/651396, 09/545058, 09/587851, 09/618945, 09/619237, 
09/792606, b) GX3 (adamantane-based materLalsX sudi as 
those shown in pending qiplication Ser. No. 09/545058, c) 
nanoporous silica materials and silica-based compounds, 
such as those compounds disclosed in issued patents U.S. 
Pat. No. 6,022,812, U.S. Pat. No. 6,037,275, U.S. Pat No. 
6,042,994, U.S. Pat No. 6,048,804, U.S. Pat. No. 6,090,448, 
U.S. Pat No. 6,126,733, U.S. Pat No. 6,140,254, U.S. Pat. 
No. 6,204,202, U.S. Pat No. 6,208,014, and pendirig appli- 
cation Ser. Nos. 09/046474, 09/046473, 09/111084, 
09/360131, 09/378705, 09/234609, 09/379866, 09/141287, 
09/379484, 09/392413, 09/549659, 09/488075, 09/566287, 
and 09/214219 all of which are incoiporated by reference 
herein in their entirety. 

[0044] A barrier layer 130 is coupled to the dielectric 
material 120 by any suitable process, such as use of an 
adhesive, hydrogen bonding, electrostatic interactions. Van 
der Waals forces, and coulombic interactions. Hie barrier 
layer 130 may comprise any suitable materia] or materials 
that is capable of meeting several and sometimes conflicting 
design goals, such as a) successfully protecting the dielectric 
layer 120 from any division of the conductive layer 140, b) 
acting as an "etch stop" — which indicates the end point of 
the conductive field planarization step, c) reacting to etching 
chemicals in a 1 to 1 selectivity rate with the conductive 
layer materials 140, and/or d) not reacting to the etching 
chemicals at all, such that when the etching chemicals reach 
the barrier layer 130 none of the barrier layer 130 is 
removed. Cbntemplated barrier layers 130 comprise tanta- 
lum, tantalum nitride, titanium, titanium nitride, tungsten- 
nitride, tungsten cobalt pho^horus, and nickel. In preferred 
emboc^ents, the barrier layer 130 comprises tantalum, 
tantalum nitride, or tantalum/tantalum nitride (Ta/TaN) 
stacks. 

[0045] A conductive layer 140 is applied to and coupled to 
the barrier layer 130 by any suitable deposition method, such 
as electrodeposition, chemical vapor deposition (CVD), 
plasma vapor deposition (PVD), and fill deposition. Fill 
deposition, as used herein, is a process where the conductive 
layer 140 is applied to fill the interconnect feaUires (vias and 
trenches) and to coat the flat "field" regions between features 
leading to a conductive layer 140 covering the entire dielec- 
tric layer 120 and the barrier layer 130. Fill deposition 
typically results in a non-planar surface topography of the 
conductive layer 140 because of the variation of the size of 
the underlying dielectric layer 120 features being coated or 
fiUed. 

[0046] Conductive layers 140 may generally comprise 
metals, metal alloys, conductive polymers, conductive com- 
posite materials, and any other suitable conductive materi- 
als. As used herein, the term '*metal'* means those elements 
that are in the d-block and f-block of the Periodic Chart of 
the Elements, along with those elements that have metal-like 
properties, such as silicon and germanium. As used herein, 
the phrase ""d-block" means those elements that have elec- 
tions fillii^ the 3d, Ad, Sd, and 6d oibitals surrounding the 
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nucleus of the element. As used herein, the phrase f-bloclT 
means those elements that have electrons filling the 4/ and 
5/oibitals surrounding the nucleus of the element, mchidmg 
the lanthanides and the actinides. Preferred metals mchide 
titanium, siUcon, cobalt, copper, nickel, iron, zmc, vana- 
dium, aluminum, tin, chromium, platinum, palladium, gold, 
sflver, tomg^ten, molybdenum, cerium, promethium, and 
thorium. More preferred metals include aluminum, titamum, 
siUoon, copper ^^^^ platinum, tin, gold, silver and tung- 
sten. Most preferred metals include copper, alummum and 
tungsten. The term ''metal" also includes alloys, metal/metal 
composites, metal ceramic composites, metal polymer com- 
po^tes, as well as other metal composites. 
[OMT] The protective layer 150 is coupled to the conduc- 
tive layer 140 by any suitable process, such as use of an 
adhesive, hydrogen bonding, electrostatic interactions. Van 
der Waals forces, and coulombic interactions. 

[0048] The protective layer 150 is also generally contem- 
plated to be a protective or passivating overlayer, which 
planarizes or can be planarized and that is coupled to the 
conductive layer 140 initially or at some stage of processing 
as a liquid, but may be converted into a harder or sohd 
protective layer upon appUcation of a curing process. The 
protective layer 150 can be deposited onto the conductive 
layer 140 by a variety of processes, including electroplating, 
spin-on deposition, evaporative deposition, electroless plat- 
ing, ^uttering/PVD, PECVD, CVD, and/or vacuum evapo- 
ration with or without a voltage bias. 

[0049] The protective layer 150 can be composed of 
inorganic, organic, or organometallic compounds, metals 
and metal alloys as well as mixtures of these matenuUs. 
Contemplated inorganic and organic compounds shoidd be 
those compounds that are a) capable of being controUably 
etchable at the same time that the coupled conductive layer 
140 is being etched, and b) planarizes on the conducUve 
layer 140 before the etching step begins. Planarizing on Ae 
conductive layer 140 may comprise either a) a material that 
melts with a low viscosity and a high surface tension that can 
flow to form on the conductive layer 140 and/or b) can 
self-catalyze or self-cure to the desirable hardness on the 
conductive layer 140 after being appUed to the conductive 
layer 140, or a fluid material that can be mechamcaUy 
planarized. (See "Improved Apparatus and Methods for 
Integrated Circuit Planarization", Endisch, Levert et al.; 
contact planarization device and apparatus). Examples of 
contemplated inorganic compounds are siUcates, alumi- 
nates, aloxane compounds, HOSP compounds, such as 
those that are commercially available from HoneyweU Inter- 
national, Inc. or disclosed in commonly assigned U.S. Pat. 
Nos. 6,020,410, 6,043,330, 5,973,095 incorporated by rrf- 
erence herein in their entirety. Spin-on Glass compounds, 
such as HoneyweU 512B, and compounds containmg tran- 
sition metals. Examples of organic compounds include pol- 
yarylene ether (FLARE materials), polyimides, Accuflow 
mixtures (Novalac Resins), acryUc polymers, polyvinyl 
acetates, PMMA, polyoctadecyl methacrylate, po yvinyl 
pyridine, Superghies (cyanoacrylates), PVB (polyvmyl 
buterol) and polyesters. Examples of contemplated orgaiio- 
metallic compounds inchide poly(dimcthylsiloxane), poly- 
(vinylsiloxane) and poly(trifluorqpropylsiloxane). Examples 
of contemplated metals and metal alloys include copper; 
Uquid metals, sudi a mercury; lead free solder, tm, tm 



etchant (HQ+HNOa), gallium and gallium aUoys, and bis- 
muth and bismuth alloys (including those with mdium), 
indium and indhim alloys. 

[0050] The protective layer 150 may also inchide substan- 
tially polymeric material, substantially monomeric material 
or a mixture of both polymers and monomers dependmg on 
the desired viscous consistency, the desired final consistency 
if curing is applied to the protective layer, and the desired 
planarization and etch properties. It is further contemplated 
that the protective layer 150 may be composed of amor- 
phous, cross-linked, aystalline, or branched polymers. 
[0051] Contemplated polymers may also comprise a wide 
range of functional or structural moieties, includmg aro- 
matic systems, and halogenated groups. Furthermore appro- 
priate polymers may have many configurations, mcluding a 
homopolymer, and a heteropolymer. Moreover, ^temaUve 
polymers may have various forms, such as linear, branched, 
super-branched, or three-dimenaonal. The molecular weight 
of contemplated polymers spans a wide range, typicaUy 
between 400 Dalton and 400000 Dalton or more. In a 
preferred embodiment, the pootcctive layer 150 comprises 
inorganic molecules or polymers. In a most preferred 
embodiment, the protective hiyer 150 comprises a polysili- 
cate. 

[0052] The protective kyer 150 may additionally or alter- 
nately comprise monomers in order to meet certain design 
goals and/or structural requirements, such as tiiose meii- 
tioned previously. Monomers may belong to various chemi- 
cal classes of molecules inchiding organometallic or woi- 
ganic molecules. Examples of contemplated organometallic 
monomers are octamethylcyclotetrasiloxane, methylphenyl- 
cyclotetrasiloxane, hexanethyldisilazane, and triethyoxysi- 
lane. Examples of contemplated inorgamc monomers 
inchide tetraethoxysilane or aluminum isopropoxide. Mono- 
mers may also include additional groups, such as groups 
used for crosslinking. 

[0053] In further alternative embodiments, many other 
siUcon-containing materials are contemplated as compo- 
nents of the protective layer 150, including colloidal sili^ 
fumed silica, siloxanes, silscquioxanes, and sol-gel-denved 
monosize siUca. Appropriate silicon^ntaimng compounds 
preferably have a size of below 100 nm, more preferably 
below 10 mn and most preferably below 5 nm. Prefened 
silicon-containing compounds include Honeywell ^m-on 
glass materials, such as Honeywell 314 and Honeywell 
512B. 

[0054] The protective layer 150 may also comprise low 
temperature melting metals or metal aUoys, preferably lead 
free and wiU generate environmentally benign etchu^ 
byproducts. Aprotective layer 150 comprising these met^ 
or metal alloys must have a melting temperature below 40) 
C which is considered the tiiermal budget of the wafer. 
Contemplated metals or metal alloys must not rapidly form 
alloys or intermetaUic compounds with the existing conduc- 
tive layer 140 onto whidi they have been deposited. An 
additional barrier layer can be deposited over the conducUve 
copper layer, as part of the protective layer, to prevent liqmd 
of solid-state dif&ision of the overlayer metal mto the 
conductive material. Nickel is an example of a matenal that 
has successfully prevented this type of diffusion into the 
conductive layer, which could damage the final electncal 
properties of the conductive layer. 
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[0055] An electronic component 10 can be produced by a) 
providing a substrate m, b) coupling a dielectric layer 120 
to the substrate UO; c) coupling a barrier layer 130 to the 
dielectric layer 12lfc d) coupling a conductive layer 140 to 
the barrier layer 130; and e) coupling a protective layer 150 
to the conductive layer 140. The protective layer 150 may 
then be cured to a desirable hardness. 
[0056] The barrier layer 130 can be deposited onto the 
dielectric layer, the conductive layer 140 can be deposited on 
the barrier layer 130 and the protective layer 150 can be 
deposited onto the conductive layer 140 by a variety of 
processes, including electroplating, ^in-on deposition, 
evaporative deposition, electroless plating, sputtering^VD, 
PECVD, CVD, and/or vacuum evaporation with or without 
a voltage bias. 

[0057] The protective layer 150 can be cured either by a 
process external to the material in the protective layer 150 or 
may be cured by a process internal to the material in the 
protective layer 150. External processes inchide but are not 
limited to heat, radiation, air flow, pressure, and decrease in 
temperature. Internal processes are those processes that take 
place within the compound itself, such as crosslinkin^ 
chemical reactions between constitaents that are not initiated 
by outside forces and other related processes. 
[0058] A method of planarizing a conductive layer 150 of 
an electronic component 10 may comprise a) introducing or 
coupling a protective layer 140 onto a conductive layer 150; 
b) dispersing and planarizing the protective layer 150 across 
the conductive layer 14<H c) curing the protective layer 150; 
d) introducing an etching solution 170 (not shown) onto the 
conductive layer 140; and e) etching the conductive layer 
140 to substantial planarity. 

[0059] Introducing or coupling the protective layer 150 
onto the conductive layer 140 can be achieved by a variety 
of processes, including electroplating, i^in-on depoation, 
evaporative deposition, electroless plating, sputtering/PVD, 
PECVD, CVD, and/or vacuum evaporation with or without 
a voltage bias. It is contemplated that the protective layer 
150 will be introduced onto the conductive surface 140 m 
such quantities that preferential protection to depressed 
regions of the conductive surface 140 will be accomplished. 
[0060] Dispersing the protective layer 150 across the 
conductive layer 140 is accomplished through relative 
motion of the electronic component 10. Relative motion is 
contemplated to mean ginning the component 10, shaking 
the component 10, rocking the component 10, or otherwise 
moving the component 10 arouiKi to diverse the protective 
layer 150. 

[0061] Curing the protective layer 150 is contemplated to 
encompass the methods previously discussed herein, inchid- 
ing external and internal curing processes. Ejrternal pro- 
cesses inclu<k but are not limited to heat, radiation or 
irradiation, air flow, pressure, ashing (exposure to an oxygen 
or oxygen-mixture with nitrogen, hydrogen or forming gas 
plasma), a decrease in temperature or a combination of any 
of the above-mentioned curing processes. Internal processes 
are those processes that take place within the compound 
itself, such as orosslinking, chemical reactions between 
constituents that are not initiated by outside forces and other 
related processes. 

[0062] Introducing the etching solution 170 (not shown) 
onto the conductive layer 140 may be accomplished by any 



suitable means, including spin-on deposition, random depo- 
sition, surface wa^g, doping, dripping, and roUing the 
etching solution 170 onto the surface. Topical and contem- 
plated etching sohitions comprise one or more of the fol- 
lowing: HNO3, H3PO4, CH3COOH, HQ, chlorides of cop- 
per and zinc, HBr, H^SO^ and HF. Preferred etching 
solutions comprise: a) 69 weight % (wt %)//10 vohime % 
(vol %) HNO3, 85 wt %/50 vol % H3PO4, and 98 wt %/40 
vol % CH3COOH; b) 69 weight % (wt %)/6 volume % (vol 
%) HNO3, 85 wt %y70 vol % H3PO4, and 98 wt %m vol 
% CHXOOH; 69 weight % (wt %)/1.6 vohime % (vol %) 
HNO3, 85 wt %/53.9 vol % H3PO4, and 98 wt %/43.2 vol 
% CH3COOH; 49 wt %/13 vol % HF, 
[0063] As used herein, the phrase "substantial planarity" 
generally means that degree of planarity that is considered to 
be acceptable for the contemplated or desired electromc 
component. Substantial planarity is considered herein to be 
a degree of planarity of at least 0.6 or 60% or achieving 
perfect planarity. In preferred embodiments, substantial pla- 
narity is considered to be a degree of planarity of at least 0.8 
or 80%. And in more preferred embodiments, substantial 
planarity is considered to be a degree of planarity of at least 
0 9 or 90%. Analytical Test Methods: Planarizatton was 
measured by KLA-Tfcncor HRP-220 mechanical stylus pro- 
filometer. 

EXAMPLES 
Example 1 

[0064] Planarizer Material/Protective Layer Deposition 

[0065] A 1000 Angstrom thkk nickel barrier layer is 
deposited on a copper substrate/conductive layer by vacuum 
evaporation. Aplanarizer material/protective layer compris- 
ing 66 3 wt % Indium and 33.7 wt % of Bismuth as a eutectic 
alloy is deposited on the barrier layer by vacuum evapora- 
tion to a thickness of IS fan. Both the nickel bamer layer 
and indium bismuth protective layer are deposited by usii^ 
a vacuum evaporative deposition tool to form a wafer. This 
deposition tool uses electron beam evaporation of any 
elemental or alloy metal allowing deposition under a 
vacuum atmosphere. The copper substrate/conductive layer 
surface was precle aned with an argpn qjutter using a voltage 
bias before the nickel barrier layer and the indium bismuth 
protective layer were deposited. Both the nickel barrier layer 
and the indium bismuth protective layer were deposited 
without "breaking or turning off the vacuum after predean- 
ing. 

[0066] TTie barrier layer and the conductive layer dis- 
cussed above may also be deposited also by electroplating 
and electroless plating, which are both economical methods. 
Electroplating is a simple scale-up from existing copper 
plating technology used today by the integrated circuits 
industry. Lead &ee solder materials, similar to the ones used 
herein, are generally developed by uang electroplating or 
electroless platii« options for the electronics packaging 
industries to eliminate toxic lead from the soUer. Tin Copper 
and Indium Tin alloys were also suocessfolly deposited with 
these methods. 

[0067] Planarizer/Protective Layer Reflow Process 

[0068] The wafer containing the barrier layer and the 
protective layer was predipped in 85 wt % H3PO4 and rinsed 
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with deionized (Dl) water to remove oxidized surface mate- 
rial The wafer is then rapidly heated on a hotplate with an 
approximate temperature of 280^ C, which is weU above the 
75* C. indium bismuth melting point, but well below the 
nickel or copper melting point or the allowable 400* C. that 
the wafer substrate can withstand without damage to the 
pre-existing electrical materials/structures. The wafer was 
heated until the indium bismuth melted Qess than 2 seconds) 
and then the wafer was rapidly cooled. The final structure 
allowed surfece planarization of even very laige features or 
surface defects, Le. those greater than 100 ^on across for 
03u, deep features. TTie final indium bismuth planarization 
was measured using a KLA-Tencor HRP-220 mechanical 
styhis profilometer. The planarization results arc summa- 
rized in FIG. 7. Note that DoP is an abbreviation for "degree 
of planarization" where 1.0 is perfect planarization of a 
trench feature and 0.0 is no planarization. In atu reflow 
within the above-mentioned vacuum chamber will give 
improved results over conventional methods with fewer 
surface defects or features. Also, immediate reflow of the 
indium bismuth after electroplating or electroless plating 
deposition will give improves results over conventional 
methods with fewer surface defects or features. 

[0069] Sacrificial Etchback of InBi to Planarize Copper 

Substrate/Conductive Layer 

[0070] C6pper, nickel and indium/bismuth pieces were 
etched in beakers using the following etchant combinations: 

[0071] A:4vol%HNO3(70wt%);80vol%H3PO4 
(86 wt %); 16 vol % HBr (49 wt %) 

[0072] B!5vol%HNO3(70wt%);79vol%H3PO4 
(86 wt %); 16 vol % HQ (37 wt %) 
[0073] The etdi rate results (Angstroms/min) for indi- 
vidual metal fihns are as follows for each type of etchant mix 
as listed above: 

[0074] A: Cu-2000; Ni-150(n toBi-4200 

[0075] B: Cu-2300; Ni-1800; InBi-5700 

[0076] By running the etch rate tests on full-sized wafers 
in the tool, the across-wafer non-uniformity will be less than 
5% 3-sigma for all metals. Also , by using a spin etch process 
on the indium/bismuth planarized wafeis, the planar indium/ 
bismuth surface will be uniformly etched at an equal rate as 
both the nickel and copper substrate leaving a final copper 
surface that is planar. Once the copper surface is planar and 
all sacrificial nidcel and indium/bismuth is gpne, then Mix 
Acan be used to finish copper removal and polishing until 
stopping in the on the field. 

Example 2 

[0077] A composition for a protective layer comprises the 
following components: colloidal copper oxide, copper 
hydrogen phosphate salts, copper acetate, copper nitrate 
and/or colloidal copper, and a polymeric solution of high 
viscosity having gelling/solidification properties suitable for 
functioning as the protective layer defined herein, to be used 
as the binder or matrix phase of the protective layer. The 
polymeric binder composition is an aqueous solution of higji 
molecular weight polyethylene, polyvinyl alcohol, polyvi- 
nylpyrrolidone of such polymeric solutions doped with a 
solution of colloidal siUca or boehmite to fadUtate the 
formation of a rigid gel at a suitable temperature (preferably 



near room temperature) in the course of time and also to 
reduce the etch rate of the coatings to adiieve nearly 1:1 
selectivity with copper etching. 

[0078] If the resulting etch rate of the spin-on layer, when 
using the standani etch solution, is greater than that of 
copper, the etching behavior of the standard etch solution 
can be altered by adding a polyethylene glycol or high 
molecular weight polyetlqrlene oxide (when using a poly- 
ethylene-based protective layer). Such additives tend to 
lower the etch rate of the spin-on protective layer but do not 
change the copper etch rate, permitting an etch selectivity of 
1:1 to be achieved. 

[0079] In addition, the presence of phosphate-containing 
groups in a copper phosphate protective layer will likewise 
contribute to a reduction in the etch rate, when etching with 
etchants containing phosphoric add. 
[0080] The presence of copper salts, such as copper hydro- 
gen phosphate, can reduce the dissohiti(»i of copper at the 
copper interface as the etching sohition produces this type of 
insoluble copper phosphate. Thus, saturation of copper- 
containing compound at the interface will act as a chemical 
inhibiting layer. 

Example 3 

[0081] Planarizer Material/Protective Layer Deposition 
[0082] A planarizer material/protective layer comprising 
an Accuflow material (Novalac Resin) is deposited on the 
conductive layer by spin track dispense. Immediately fol- 
lowing the implication of the Accuflow, the spin speed of the 
chuck is ramped up to create a uniform layer of Accuflow of 
a thidmess of 1.5 um. This ramping and subsequent hot plate 
bakes drive off the solvent dispensed with the Accuflow as 
well as partially reflow the protective layer. 
[0083] Planarizer/Protective Layer Cure, Reflow, and 
Etchback Process 

[0084] TTie wafer containing the protective layer was 
cured in a furnace to drive off all remaining solvents and to 
complete the reflow of the Accuflow al a temperature of 350** 
C, well below the copper meltii^ point or the aflowable 400 
C. that the wafer substrate can withstand without damage to 
the pre-existing electrical materials/structures. The final 
structure allowed surface planarization of even very large 
features or surface defects, Le. those greater than 100 /im 
across for 0.5/1, deep features. The final Accuflow phmanza- 
tion was measured using a KLA-Tencor IIRP-220 mechani- 
cal stylus profilometer. Once cured the Accuflow and con- 
ductor can be etched with 1:1 selectivity maintaining 
planarity of the surface. 

[0085] Once the copper surface is planar and all sacrificial 
Accuflow material is gone, then Mix A can be used to fini^ 
copper removal and polishing until stopping in the Ta on the 
field. 

Example 4 

[OOSq Planarizer Material/Protective Layer Deposition 

[0087] A planarizer material/protective layer comprising 
Honeywell 512B (spin on glass material) is deposited on the 
conductive layer by spin track dispense. Immediately fol- 
lowing the application of the HoneyweU 512B, the ^in 
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speed of the chuck is ramped to create a uniform layer of 
512B of a thickness of 1 .0 um. This ramping and subsequem 
hot plate bakes drive oE the solvent dispensed wUh the 512B 
as well as partially reflow the protective layer. 
[0088] Planarizer/Protective Layer Cure, Reflow, and 
Etchback Process 

r0089l The wafer containing the protective layer was 
^ in a furnace to drive off all remaining solvents^d to 
complete the icflow of the 512B at a temperature of 350 C, 
well below the copper melting point or the allowable W 
C that the wafer substrate can withstand without damage to 
the pre-existing electrical materials/structures. The final 
structure allowed surface planarization of even very large 
features or surface defects, i ^- those greater 
across for 0.5/1, deep features. TTie final Ho°^5^^ ^1^ 
planarization was measured usmg a KLA-Tenror 
mechanical stylus profilometer. Once cured the 512B and 
conductor can be etched with 1:1 selectivity mamlaimng 
planarity of the surface. 

[0090] Once the copper surface is planar and all sacrmd^ 
HoneyweU 5 12B is gone, then Mix A can be used to finish 
copper removal and polishing until sloppmg m the Ik on the 
field. 

Example 5 

r00911 Gallium, gaUium indium, galHum aUoys, and 
indium alloys (with near room temperature meltmg pointed 
were successfully evaporatively deposited onto bare, blanket 
copper, patterned copper and blanket Ta coated silicon 
wafers. Profilometry indicated that the deposition plananzed 
the small features on the pattern wafer. 
r00921 The melted material can be spun onto Ae wafer 
Uig standard spin tools. TTie wafer will stand for a few 
sec^ds to allow the molten metal flow fill il^ccsses and 
thereby planarize the wafer. Tben the wafer is ctolled to 
slightly below sub-ambient temperature (less than 20 C.jto 
soUdi^ the metal planarizer. A warm solution or wann water 
can be used along with many common elegants (mtnc acid) 
to remove the metal planarizer at a 1:1 selectivity with the 
copper fiom the wafer which has its sub-ambient tempera- 
ture maintained by the surrounding instrumentation. The 
copper will require an active acid or base for its renio^ 
whSe a warm liquid-even warm water could be used fi>r 
the metal planarizer removal while an acid (which does not 
attack the metal planarizer) could be used m the etehmg 
solution to remove the copper. 

Example 6 

r00931 The salt-like or molten salt Planarizers, such as 
BiON03, B,oH.4, B(OH)3, ™^2-fP)^^^^ uS^' 
copper acetate, copper mtrate, FeCl3, UaO^ Mg(OT^, 
Mn(C^H30JMH^0, KNO3, A&CO3, SO^NIQ^ SNO^ 
and S(0H)2, are appUed as a powder or spun on as a shury 
to control thickness. TTie wafer is then heated m a controlled 
atmoa)here (vacuum or inert gas) to meU the salt without 
damaging the existing patterned copper damascene features. 
The mclt«i salt can then flow into the recessed areas, m a 
similar manner to the molten metals/metal plananzers bsted 
above, thereby phmarizing patterned copper features, llie 
wafer is then cooled to re-soUdify the salts mto a planar fihn 
on top of the pattered copper. The etchant is Oien formulated 
to remove the copper and at the same time have the proper 
water and/or add composition to remove the salt at a 
substantially 1:1 rate with the copper. 



r0094l Thus, specific embodiments and applications of 
spin on planarizers and methods of production of spm on 
planarizers and methods of planarizing have discbsed 
It should be apparent, however,tothoseskilledmti» art t^^^^ 
many more modifications besides those already described 
are possible without departing from the invenUvc concepte 
herein. The inventive subject matter, therefore, is not to be 
restricted except in the spirit of the ^nded claims. More- 
over, in interpreting botii the spedfication and the claims, all 
terms shouM be interpreted in the broadest poss&le manner 
consistent with tiie context In particular, the terms com- 
prises" and "comprising" should be interpreted as referrmg 
to elements, components, or steps in a nonnexclusive man- 
ner, indicating tiiat tiie referenced elements, components, or 
store may be present, or utilized, or combined with other 
elements, components, or steps that are not expressly refer- 
enced. 

What is claimed is: 

1. An electronic component, comprising; 

a substrate layer; 

a dielectric material coupled to the substrate layer, 
a barrier layer coupled to the dielectric material; 
a conductive layer coupled to the barrier layer; and 
a protective layer coupled to the conductive layer. 

2 The electronic component of claim 1, wherem the 
dielectric material is porous and has a dielectric constant less 

3 Tlie electronic component of claun 1, wherem tne 
barrier layer comprises tantahim, tantalum nitride, a stadtod 
tantahimAantahim nitride sandwidi, or tungsten mtnde 

(WN). . j_ . ^u- 

4. The electronic component of claim 1, wherem the 
conductive layer comprises a transition metaL 

5. The electronic component of claim 4, wherem the 
transition metal is copper. 

6. The electronic component of claim 1, wherem the 
protective layer comprises a viscous material. 

7 The electronic component of claim 6, wherein the 
viscous material hardens when a curing process is applied to 
the viscous material. 

8. The electronic component of claim 1, wherem the 
protective layer does not etch the conductive layer. 

9 The electronic component of claim 1, wherem the 
protective layer comprises an organic compound, an mor- 
ganic compound, a metal material, or an inorganic metal 
salt. 

10. A method of produdiig an electromc component 
comprising: 
providing a substrate; 
coupling a dielectric layer to tiie substrate; 
coupling a barrier layer to the dielectric layer, 
coupling a conductive layer to the barrier layer, and 

coupling a protective layer to the conducive layer, 
wherein the protective Uyer is further plananzed or acts 
as a planarizer. 
U The method of daim 10, wherein producing the 
electronic component further comprises curing tiie protec- 
tive layer. 
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12. The method of daiio 11, herein cuiing the protective 
layer comprises heat curing, irradiation curing or a combi- 
nation of heat curing and ashing. 

13. The method of claim 11, wherein curing the protective 
layer comprises self-catalyzation or self*curii^. 

14. A method of planarizing a conductive surface of an 
electronic component comprising: 

providing a substrate; 

coupling a dielectric layer to the substrate; 

coupling a barrier layer to the dielectric layer; 

coupling a conductive layer to the barrier layer; and 

coupling a protective layer to the conductive layer, 
wherein the protective layer can planarize or can be 
planarized. 

15. The method of claim 14, ^lerein coupling the pro- 
tective layer to the conductive layer further comprises curing 
the protective layer to a desirable hardness, 

16. The method of claim 14, wherein introducing a 
protective layer onto a conductive layer comprises introduc- 
ing by spin-on deposition. 

17. The method of claim 14, wherein introducing a 
protective layer onto a conductive layer comprises introduc- 
ing by electiodeposition, PVD, PECVD, CVD or vacuum 
evaporation. 



18. Ihe method of daim 14, wherein dispersing the 
protective layer across the conductive layer comprises dis- 
persing by relative movement of the electronic component. 

19. The method of claim 14, wherein curing the protective 
layer comprises applying heat, radiation or controlled cur- 
ing. 

20. The method of claim 14, wherein curing the protective 
layer comprises self-catalyzation. 

21. The method of claim 14, wherein introducing the 
etching solution comprises ^in etching. 

22. The method of claim 14, wherein dispersing and 
planarizing the protective layer across the conductive layer 
to substantial planarity comprises etdiing to a degree of 
planarization of 1.0. 

23. The method of claim 14, wherein dispersing and 
planarizing the protective layer across the conductive layer 
to substantial planarity comprises etching to a degree of 
planarization of 0.8. 

24. The method of claim 14, wherein dispersmg and 
planarizing the protective layer across the conductive layer 
to substantial planarity comprises etching to a degree of 
planarization of 0.6. 

***** 
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(57) ABSTRACT 

A method comprising introducing an interconnect structure 
in an opening through a dielectric over a c»ntact point, and 
introducing a conductive shunt materia] through a chemi- 
cally-induced oxidation-reduction reaction. A method com- 
prising introducing an interconnect structure in an opening 
through a dielectric over a contact point, introducing a 
conductive shunt material having an oxidation number over 
an exposed surface of the interconnect structure, and reduc- 
ing the oxidation number of the shimt. An apparatus com- 
prising a substrate comprising a device having contact point, 
a dielectric layer overlying the device with an opening to the 
contact point, and an interconnect structure disposed in the 
opening comprising an interconnect material and a different 
conductive shunt material. 
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INTERCONNECT STRUCTURES AND A METHOD 
OF ELECTROLESS INTRODUCTION OF 
INTERCONNECT STRUCTURES 

BACKGROUND OF THE INVENTION 
[0001] 1 . Field of the Invention 

[0002] The invention relates to integrated circuit process- 
ing and, more particularly, to the introduction and patterning 
of interconnections on an integrated circuit. 

[0003] 2. Description of Related Art 
[0004] Modem integrated circuits use conductive inter- 
connectioiB to connect the individual devices on a chip or to 
send and/or receive signals external to the chip. Popular 
types of interconnections include aluminum alloy intercon- 
nections (lines) and copper interconnections (lines) coupled 
to individual devices, including other interconnections 
(lines) by interconnections through vias. 
[0005] A typical method of forming an interconnection, 
particularly a copper interconnection, is a damascene pro- 
cess. A typical damascene process involves forming a via 
and an overlying trench in a dielectric to an underlying 
circuit device, such as a transistor or an interconnection. The 
via and trench are then lined with a barrier layer of a 
refractory material, such as titanium nitride (TiN), tantalum 
(Ta), or Untalum nitride (TaN). The barrier layer serves, m 
one aspect, to iahifeiLfcc diffusion of the interconnection 
material that will subsequently be introduced in the via and 
trench into the dielecUic. Next, a suitable scedmatenal is 
deposited on the waU or walls of the via and trench. Suitable 
seed materials for the deposition of copper interconnection 
material include copper (Cu), nickel (Ni), and cobalt (Co). 
Next, interconnection material, su^as^pper, is introduced 
by electroplating or physical deposition in a suffiaent 
amount to fill the via and trench and complete the intercon- 
nect structure. Once introduced, the interconnection struc- 
ture may be planarized and a dielectric material (including 
an interlayer dielectric material) introduced over the inter- 
connection stracture to suitably isolate the structure. 
[0006] Copper has become a popular choice of intCTCon- 
nection material for various reasons, inchiding its low resis- 
tivity compared with the resistivity of aluminum or alumi- 
num alloys. Nevertheless, copper interconnection material is 
not without its own limitations. One limitation is that copper 
does not adhere well to dielectric material. The barrier 
material on the side walls of a via and trench as explaiiied 
above provides adhesion to the adjacent dielectric material. 
However, in the damascene process (kscribed above, no 
barrier material is present on the top of the interconnect 
material and, consequenUy, copper is typicaUy in direct 
contact with the dielectric material. Poor adhesion of copper 
material to dielectric material contributes to electromigra- 
tion by the copper material during, for example, current 
flow. 

[0007] A second problem encountered by copper intercon- 
nection material involves the difficulty in completely filling 
a via with copper material. In a typical electroplating intro- 
duction process, voids can appear in the via. The voids tend 
to aggregate and create reliability issues tor the intercon- 
nection. The voids also increase the resistance of the via. 
[0008] Another limiUtion of copper interconnection mate- 
rial as it is currcndy introduced is the tendency of the formed 



interconnection to blister or form hillocks due to subsequent 
annealing steps typically encountered in the formation of 
integrated circuit devices at the wafer level. These blisters or 
hillodcs disrupt the othenvise planarized layers of intercon- 
nections over the wafer. 

[0009] What is needed are improved interconnect struc- 
tures and techniques for in^ving the introduction and 
properties of an interconnection structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shows a schematic, cross-sectional side 
view of an interconnect structure according to an embodi- 
ment of the invention. 

[OOU] FIG. 2 ^ows the structure of FIG. 1 after the 
introduction of a shunt material cap. 
[0012] FIG. 3 shows a schematic, cross-sectional side 
view of an interconnect structure formed in a dielectric 
material and lined with barrier material in accordance with 
a second embodiment of the invention. 
[0013] FIG. 4 shows the structure of FIG. 3 after the 
introduction of shunt material over the barrier material 
[0014] FIG. 5 shows the structure of FIG. 4 after the 
introduction of seed material over the shunt material. 
[0015] FIG. 6 shows the structure of FIG. 5 after the 
introduction of interconnect material over the seed material. 
[0016] FIG. 7 shows the stmcture of FIG. 6 after the 
introduction of a shunt material cap. 
[0017] FIG. 8 shows a schematic, cross-sectional side 
view of an interconnect structure including a via substan- 
tially filled with ^unt material and interconnect material 
enc^sulated by shunt material. 

DETAILED DESCRIPTION 

[0018] An integrated circuit is disclosed, as well as meth- 
ods for forming such a circuit. In one embodiment, an 
interconnect structure including a conductive shunt material 
is desaibed. The shunt material may, for example, overlie 
the interconnection material, such as overlie copper inter- 
connection material in a trench and via; surround the inter- 
connection material, sudi as by lining the walls of a trendi 
and via; and/or substantially fill the via of a via and trendi 
interconnection configuration. The conductive shunt mate- 
rial is selected, in one a^)ect, for the beneficial attributes 
toward improving an interconnect stmcture. In terms of 
interconnect structures comprising copper, for example, 
such attributes include, but are not limited to, improved 
adhesion to dielectric material, reduction of hillocks or 
blistering, and reduction of electromigration. 
[0019] In another embodiment, a tedinique for introduc- 
ing a shunt material is described. That technique involves a 
chemically-induced oxidation-reduction reaction process 
described also as an electroless plating process. The elec- 
troless process allows a shunt material to be selectively 
introduced where desired such as on surfaces where an 
oxidation-reduction reaction can occur. The electroless pro- 
cess described herein also does not require a preliminary 
activation step to introduce the shunt material. Further, by 
conU-oUing the components involved in the oxidation-reduc- 
tion or electroless process (e.g., reducing agents, chelating 
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agents, pH modifiers, catalysis, etc.) the intioductioii of 
contaminant species into the interconnection material or 
shunt material is reduced. 

[00201 FIG. 1 shows a typical integrated circuit structure, 
such as a portion of a microprocessor chip on a silicon wafer. 
A typical integrated circuit such as a microprocessor chip 
may have, for example, four or five interconnection layers or 
levels separated fiom one another by dielectric matenal. 
Structure 100 includes an interconnection line over substrate 
110 Substrate HO may be the wafer substrate havmg arcmt 
devices, including transistors, thereon as well as one or more 
levels of interconnection to devices. FIG. 1 s1k>ws contact 
point 120 that may be a circuit device formed on or m a 
wafer or an interconnection line formed above the wafer to 
devices on the wafer. It is to be appreciated that the 
techniques described herein may be used for vanous mter- 
connectioiB within an integrated circuit including to circuit 
devices and other interconnections. In this sense, contact 
point 120 represents such devices or interconnections where 
an interconnection contact is made. 
[0021] FIG. 1 illustrates a cross-sectional side view of a 
portion of a substrate. Overlying substrate 110 is dielectric 
material 130. Dielectric material 130 is. for «xample^con 
dioxide (SiOa) formed by a tetraethyl o^hosiUcate O^OS) 
or a plasma enhanced diemical vapor deposition (PECVD) 
source. Dielectric material 130 may also be a matenal 
having a dielectric constant less than the dielectric constant 
of SiOj (e.g., a "low r material), inchiding polymers as 
known in the art. 

[0022] FIG- 1 shows via 170 through dielectric material 
130 to expose oonUct point UO. FIG. 1 also shows trench 
175 formed in a portion of dielectric material 130 over via 
170 A trendi and via may be formed according to known 
techniques by, for example, initiaUy using a mask, such as 
a photoresist mask to define an area (e.g., a cross-secUonal 
area) for a via opening and etching the via with a ^table 
chemistry, sudi as, for example, a CR^/CF^ or QPg etch 
chemistry for SiOj. The mask may then be removed (such as 
by an oxygen plasma to remove photoresist) and a second 
mask patterned to define a greater area (e.g., a greater 
cross-sectional area) fi>r a trench opening. A siAsequent 
mask and etch is introduced to form a trench and the second 
mask is removed leaving the substrate shown in FIG- 1. 
[0023] FIG. 1 also shows the substrate having barrier 
material 140 formed along the side walls of the via and 
. trench opening. In one embodiment, fearrief jo^atenal. ^40^ 
deposited through a thickness ot approximately^.lO^^ 
nanometers (mn) depending on the desired characteristics of 
the bariier material. For example, barrier matenal 140 is 
chosen, in one embodiment, to_be effective to inMbitrnter: 
connect material diffiision, such as copper diffusion mto 
dieTe^irmateriiri30. Barrier material 140 m ay also be 
chosen for its adhering properties to dieleclnc matenal 130. 
Suitable materials for barrier material 140 include tantalum 
(Ta), tantalum nitride (TaN), tantalum siHcon mtnde 
CTaSiN), tungsten (W), tungsten nitride (WN), tun^ten 
silicon nitride (WSiN), titanium (Ti), titamum mtnde (TiN), 
titanium siHcon nitride (TiSiN), and cobalt (Co). Bamer 
material 140 may be introduced by conventional techmques, 
such as chemical vapor depoation. In one embodimerit, 
barrier matwial 140 is introduced as a blanket over ^electnc 
material 130 and atong the side walls and bottom of via 170 
and along the side walls of trench 175. 



[0024] Referring to FIG. 1, overlying barrier matenal 140 
as a blanket including along the side walls and bottom of ^ 
170 and trench 175 ic ypH tpaterial 150. Seed matcaaUaU 
is used, in one sense, in connection with a ^bsegucnt 
ele(iroElatiBg,piSce^Jor^^ V« 
and trench 175. While barrier material may be a conductive 
material such as a titanium compound that may be capable 
of carrying a current utiHzed in an electroplating process, 
barrier material 140 may also not be a good conductor and 
may cause non-unifonn current flow which, m turn, may 
adversely affect the electroplating process and the rehability 
of the interconnection. Seed material 150, on the other hand, 
generally provides uniform current flow during electroplat- 
ing. Moreover, se^jnaterial 150 prpyid^^^^ 
sion of the subsequently tanned interconnection to the 
substrate. 

[0025] In one embodiment, seed material is, for example, 
a copper material introduced using standard chemical or 
physical deposition techmques. A thickness of seed maten^ 
150 along the side walls and bottom of via 170 and trendi 
175 of less tfian 3,000 angstroms (A) is suitable. 
[0026] FIG. Idiows structure 100 after filling via 170 and 
trench 175 with interconnection material 160 of, for 
example, a oogper material. Tb_e typical introduction tech- 
nique for a c^peiTnterconnection material as noted above 
is an electroplating process. By way of example, a t>pical 
electroplating process involves introdudr^ a substrate (e.g., 
a wafer) into an aqueous sohition containing metal ions, 
such as copper sulfate4)ased solution, and reducing the ions 
(reducing the oxidation number) to a metallic state by 
applying cunent between substrate with seed matenal 160 
and an anode of an electroplating cell in the presence of the 
solution. Copper metal is deposited on to seed matenal 150 
to fill via 170 and trench 175 and formed a copper mter- 
connection material 160. 

[0027] In one embodiment, interconnection m_aterial 160, 
is copper or a copper aUoy. Suitable copper alloys include 
copper tin (CuSn), copper-indium (Cuin), copper-cadmium 
(CuC^ copper-zinc (CuZn), copper-bismuth (CuBO, cop- 
per-rathenhan"<CuRu), copper-rhodium (CuRh), copper- 
ihenium (CuRe), copper-tungsten (CuW), «>W^;;«'^^t 
rCuCb), copper-palladium (CuPd), copper-gold (CuAu), 
copper-platinum (CuPtX and copper-silver (CuAg). AUoys 
are generally formed by one of two methods. Typicafly, 
copper-tin, copper-indium, copper-cadmium, copper-bis- 
muth, copper-nithenium, coH^r-rhenium, copper-rhodium, 
and copper-tungisten are electroplated. Alternatively, copper 
may be doped with catalytic metals such as silver, platinum, 
tin rhodium, and nithenium by introducing a contact dis- 
placement layer on top of planarized copper interconnechon 
material (see next paragraph) and annealing to form an aUoy. 

[0028] Structure 100 may be planarized suc b^^as by a 
chemical-mechanical polish as knownrnTHewfto dielectric 
material 130 to remove barrier material 140, seed mater^ 
150, and any interconnection material 160 present on the 
upper surface of dielectric material 130. FIG. 1 shows 
stracture 100 having interconnect material 160, seed mate- 
rial 150 and barrier material 140 introduced into via 170 and 
trench 175 with the surface of dielectric material 130 and the 
interconnect structure planarized. 

[0029] FIG. 2 shows the subsU^ate of FIG. 1 after the 
fiirther introduction of conductive shunt material 180 to the 
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superior or exposed surface of the interconnect structure. 
Shunt material 180 is introduced, in one aspect, to improve 
the adhesion between interconnection material 160 and an 
overlying, subsequenUy introduced dielectric. By improvmg 
the adhesion between the interconnect structure and the 
subsequenfly introduced dielectric, the el^tricaLinigr.^»- 
of the interconnect stmctuic, particularly during current flow 
through the interconnect structure, may be improved over 
prior art configurations. In a second aspect, the presence of 
shunt material 180 over interconnect material 160 reduces 
the tendency of blistering or hillock formation of intercon- 
nect material 160 due to subsequent annealiiig steps in the 
fabrication of an integrated circuit device. A further advan- 
tage of includii^ shunt material 180 is that sudi material 
may serve as an etch stop in subsequent etching operations 
to the interconnect structure. 

[0030] One technique for introducing shunt material 180 is 
through a chemically-induced oxidation-reduction reaction 
also referred to herein as electroless plating. Unlike an 
electroplating process, an electroless plating process is not 
accomplished by an externally-supplied current, but instead 
relies on the coixstituents of the plating process (e.g., oon- 
stiments of a platingbath) to initiate and carry out the plating 
process. One tedmique involves placing structure 100 in a 
bath containing one or more metal ions to be plated or 
introduced onto the exposed conductive surfaces (e.g., con- 
ductive material 160, seed material 150^ barrier matenal 
140) as shunt material ,1 8P;.JPd one or more reducing agents 
to reduce the oxidation number of the metol rons. As 
described, the refractcwy, noble and/or transition metals are 
introduced in an ionic state with a positive oxidation num- 
ber. Since the metals are in an ionic state having a positive 
oxidation number, they are in a sense shunt material pre- 
cursors. .-,,5^,^^ 

[0031] In one embodiment, lhi%mX materia includes 
cobalt or nickel, or an alloy of cobalt or nickel. ^Ullald^ 
cobalt alloys include,j3ut are not Mtedto rabalt^^^o- 
lous (CbP), cobalt-boron (CoB), cobalt-phosphorous-boron 
(CoPB), cobalt-metal-phosphorous (CoMeP), cobalt-metal- 
boron (CbMeB), and cobalt-metal-phosphorous-boron 
(GoMePB). As used herein, "Me" includes, but is not limited 
to nickel (Ni), copper (Cu), cadmium (Cd), zinc (Zn), gold 
(Au), silver (Ag), platinum (Ft), mthenium (Ru), rfiodium 
mh) palladium (PdU chromium (a), molybdenum (Mo), 
kidhiinai): rhemS^Ole), and tungsten (W). The use of 
refractory metals (e.g., W, Re, Ru, Rh, Cr, Mo, Ir) improve 
the properties of dnmt material 180 by improving the 
adhesive properties of the shunt material as well as the 
medianical hardness of shunt material 180. Combining Co 
and/or Ni material with a noble metal (e.g., Au, Ag, Ft, Pd, 
Rh, Ru) allows the noble metals to act as a catalytic surface 
for the electroless platiiig on Cu and Cu alloys lines/vias. 
The use of metals such as Ni, Cu, Cd, Zn, Pd, Au, Ag, Pt, Sn, 
Rh, and Ru allow direct introdulfon (e.g., deposition) of the 
shunt material onto barrier material. Phosphorous (P) and 
boron (B) are added to the shunt material as a result of 
reducing agent oxidation. P and B tenitp, improve the 
barrier and corrosion properties of the shunt material. 

[0032] Without wishing to be bound by theory, it is 
believed that the exposed conductive surfaces on structure 
100, when exposed to the components of the bath, undergo 
an oxidation-reduction 01EDOX) reaction. The oxidation 
number of the metal ions of the introduced shunt metal 



elements arc reduced while the oxidation number of the 
reducing agent(s) are increased. Noble metals such as Au, 
Ag, Pt, Pd, Rh, and Ru can also displace exposed copper 
metal in structure 100, the displaced copper metal being 
oxidized to copper ions (e.g., contact displacement). In 
terms of introducing metal ions of cobalt, metal ions (shunt 
material precursors) such as cobalt supplied by cobalt chlo- 
ride cobalt sulfate, etc., are introduced in a concentration 
range, in one embodiment, of about 10-70 grams per Uter 
(g/1), alone or with the addition of compound contaimng 
metal ions of a desired alloy constituent (e.g., Ni, Cu, Cd, 
Zn, etc.). Examples of suitable additional compounds 
include ammonium tungistate (for alloying with W), ammo- 
nium perrhenate (for alloying with Re), etc. A suitable 
concentration rangp for the additional compound(s) mcludes 
0.1 to 10 g/1. 

[0033] To introduce the metal ions onto a conductive 
surface such as copper, tantalum or titanium, the oxidaticm 
number of the introduced metal ions is reduced. To reduce 
the oxidation number of the metal ions, one or more reduc- 
ing agents are inchided in the bath. In one embodiment, the 
reducing agents are selected to be alkaline metal-free reduc- 
ing agents such as anunonium hypophosphite, dimethy- 
lamine borate (DMAB), and/or glyoxylic acid in a concen- 
tration range of about 2 to 30 g/1. The bath may also mclude 
one or more alkaline metal-free chelating agents such as 
citric acid, ammonium chloride, glycine, acetic acid, and/or 
malonic add in the concentration range of about 5 to 70 g/1 
for, in one respect, complexing copper. Still further, one or 
more organic additives may also be included to faciUtate 
hydrogen evolution. SuiUble organic additives include 
Rhodafac RE-610™, cystine, Triton x-100™, polypropy- 
lene glycol (PPG)^lyethylene glycol (PEG) (in a molecu- 
lar range of approximately 200 to 10,000) in a concentration 
range of about 0.01 to 5 g/L An alkaline metal-free pH 
adjuster such as ammonium hydroxide (NH4OH), tetram- 
ethyl ammonium hydroxide CTMAH), tetraethyl ammonium 
hydroxide (TEAH), tetrapropyl ammonium hydrofflde 
(TPAH), and/or tetrabutyl anunonium hydroxide (TBAH), 
may further be included in the bath to achieve a suitable pH 
rangp, such as a pH range of 3 to 14. Arepresentative process 
temperature for an electroless plating bath such as described 
is on the order of 30 to 90° C. 

[0034] By using metal-free reducing agents, additives, and 
pH adjusters, the plating bath contains no metals other than 
those desired for plating. Significantly, die plating bath, m 
one embodiment, does not contain potassium or sodiuna as 
typically used in prior art plating operations. Metal ions 
present in the batii such as potassium and sodium can 
contaminate a plated material. By using metal-free compo- 
nents, the risk of contamination is minimized. Another 
advantage of the described bath and the electroless process 
is tiiat die plating operation may be accomplished without an 
activation step as previously used in typical plating pro- 
cesses. Still further, die use of more than one reducing agent 
allows various alloys to be introduced as shunt material 180. 

[0035] As described, the chemically-induced oxidation- 
reduction reaction or electroless plating process introduces 
(e g., plates) shunt material 180 to exposed conducUve 
surfaces (e.g., metals) amenable to a chemically-induced 
oxidation-reduction reaction. Prior to the plating operation, 
the surface of the exposed conductive material on structure 
100 can be treated to improve the uniformity of the elec- 
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troless plating of shunt material 180. In the case of surface 
treating the exposed conductive surf^aces to improve unifor- 
mity of ekctroless shunt material plating, the exposed 
conductive material may be surface treated with au agent 
such as a 1 to 20 percent by volume hydrofluoric add (HF), 
sulfuric acid (H2SO4), sulfonic acids sudi as methane- 
sulfbnic acid (MSA) ethanesulfonic acid (ESA), propane- 
suifbnic acid (PSA), and/or benzene sulfonic add (BSA) for 
cleaning of copper interconnect material. 

[0036] Pr^oUoJI^e^ectel^plati^ 
nection materiaM^max^Jje doped. In the case of 
doping of copper interconnection material with, for 
example, paladium, the doping may be accomplished by 
introducing a palladium activation solution. SuiUble acti- 
vation solutions include palladium chloride (0.01 to 2 g/1) 
and hydrochloric add (0.01 to 30 milliliteis per liter (ml/1)), 
acetic add (100-600 ml/l), hydrofluoric add or ammonium 
fluoride (1 to 70 g/1). If doping of copper lines with gold 
(Au), platinum (Pt), silver (Ag), tin (Sn), rhodum (Ru), 
and/or rutherium C^u) is required, such metals can be 
introduced to the copper interconnect material by contact 
displacement from solutions containing the metal salts and 
adds such as hydrodiloric add, hydrofluoric acid, sulfuric 
add, and nitric add. 

[0037] FIG. 2 shows an interconnect structure having a 
shunt material as a cap or overiying structure. As a non- 
limiting example, a shunt material having a thickness on the 
Older of 5 to 300 nanometers (nm) is suitable. 

[0038] FIGS. 3-6 illustrate a second embodiment wherein 
conductive shunt material is used to encapsulate an inter- 
connect material. Referring to ¥IG. 3y a crosssection of a 
portion of an integrated cixcuit structure similar to that 
described with KspecX to FIG. 1 is shown. Structure 200 
inchides substrate 210 with contact point 220 that is a drcuit 
device such as a transistor or an underlying interconnect 
structure. Via 270 and tpench 275 are formed in dielectric 
material 230 overlying structure 210. Ramer material 240 
of, for example, tantalum, tantalum nitride , tantahim silicon 
nitride, tungsten, tungsten nitride, tungsten sUioon nitride, 
titflniiim, titanium nitride, titanium silicon nitride, or cobalt 
line the side walls and bottom of via 270 and trench 275. 
Optionally, a seed material (not shown) may overly barrier 
material 240 and via 270 and trench 275. 

[0039] FIG. 4 shows structure 200 of FIG. 3 after the 
introduction of shunt material 280A. ^ith reference to FIG. 
2 and the accompanying text regarding introduction of shunt 
material 180, shunt material 280A may be introduced in a 
similar manner by way of a chemically-induced oxidation 
reduction reaction or electroless plating process over the 
ei^osed conductive surfaces of structure 200. In one 
embodiment, the exposed conductive surfaces of structure 
200 inchide barrier material 240 or a seed material overiying 
barrier material 240 and possibly contact point 220. Suiuble 
materials for ^bMJiai'Eal J?!^^ 
d escribed^ aboye, and indude electroless metals such as 
cobalt and mcket and their alloys, including alloys contain- 
ing noble and refractory metals as well as metalloids such as 
phosphorous and boron. Referring to FIG. 4, shunt material 
280A lines the side walls and bottom of via 270 and trench 
275. 

[0040] Following the introduction of shunt material 280A, 
conformally about via 270 and trench 275, structure 200 



may be annealed to improve the adhesion of shunt material 
280A to barrier material 240. In one embodiment, structure 
200 is,M3£alfidJn-a-redudng ambient such as nitrogen and 
hydrogen, hydrogen alone, or aigon and hydrogen. Alterna- 
tively, structure 200 may be annealed in a vacuum. 

[0041] Fol lowing the introduction of shunt material.28QA 
and a subsequent anneaU seed material 25>0 is introduced as 
shown in FIG. 5 over shunt material 280A to, in one sense, 
improve the adhesion between ^unt material 280A and a 
subsequently introduced interconnect material...A.sajtSsfe 
se^dgiateriaLfoU'Copper-interconnect material is a copper- 
based seed. In one embodiment, a copper-based seed mate- 
rial may be introduced according to a electroless plating 
process. One way to introduce copper through an electroless 
plating process is submerging structure 200 in a bath oon- 
taimng copper ion (e.g., 1-5 gA), EDTA (10-60 g/1), glyoxy- 
lie add as a redudng agent (2-20 g/1), and pH adjusters sudi 
as tetramethyl ammonium hydroxide (TMAH) and/or 
ammonium hydroxide (NH40I^. After the plating of elec- 
troless seed material 290, the structure may again be 
annealed to improve the adhesion of seed material 290 to a 
subsequently introduced interconnect material. In one 
example, th e. anneaLis. pe rformed in a reducing ambient 
(nitrogen/hydrogen, hydrogen alone, or aigou/hydrogen) or 
a vacuum. 

[0042] FIG. 6 shows structure 200 after the introduction 
of interconnect material 260. In one embodiment, intercon- 
nect material 2ja..S-.SlffiPS^^ 
described above. In the case of an alloy, as noted above, the 
alloy may be plated or the copper introduced and doped. 
FoUowing the introduction of interconnect material 260 of, 
for example, copper or a copper alloy, structure 200 may be 
planarized, if necessary, by, for example, a chemical-me- 
chanical polish to expose dielectric material 230 and to 
define the interconnect structures. 

[0043] Referring to FIG. 7, shunt material 280B may at 
this point be optionally introduced to encapsulate intercon- 
nect material 260. Suitable materials for shunt material 
280B are similar to those described above, and include 
cobalt and nidcel, and their alloys, including alloys contain- 
ing noble and refractory metals as well as metaUoids such as 
phosphorous and boron. The introduction of shunt material 
280B may be accomplished as described above with refer- 
ence to FIG. 2 and shunt material 180 such as by a 
chemicaUy-induced oxidation-reduction reaction or electro- 
less plating process. 

[0044] Encapsulated interconnect structure, i.e., intercon- 
nect stmcturc with encapsulated interconnect material 260 
provides a mechanical frame to support interconnect mate- 
rial 260. Encapsulating interconnection material 260 
improves the electromigration performance particularly 
where dielectric material 230 is a low k dielectric material 
that may be softer than SiOj. The encapsulated interconnect 
stmcture also provides an additional barrier around inter- 
connect material 260. In the case of copper interconnect 
material, it has been observed that electromigration perfor- 
mance is Umited by surface diffusion along copper inter- 
connect hues. By encapsul ating Jhejcoppe.rj;^!^ 
shunt mteriab 28^^ 

[0045] The electroless plating process described above 
with respect to the encapsulated structure also describes an 
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electioless introduction of a copper seed material. The 
electroless plating of seed material can replace the tradi- 
tional physical deposition introduction of seed material. 

[0046] In addition to the benefits noted above with respect 
to the encapsulated structure, the benefits seen with the shunt 
material cap in reference to FIG. 2 and the accompanying 
text are also experienced with the encapsulated structure 
shown in FIG. 7. Namely, shunt material 280B will improve 
adheaon of the interconnect structure to an overlying dielec- 
tric material, including a silicon nitride etch stop layer 
typically introduced as an interlayer material. Shunt material 
280B can also eliminate the need for an additional etch stop 
layer such as silicon nitride as shunt material 280B can serve 
such purpose. In this maimer, improved dielectric materials, 
inchiding improved low k dielectric material may be used to 
isolate the interconnect structures. Still further, as noted 
above, shunt material 280B wiU also reduce hillock or blister 
formation during subsequent anneal processes and will also 
improve the ware resistance of interconnect material 260. 

[0047] FIG- 8 shows another embodiment of an intercon- 
nect structure. HG. 8 shows structore 300 that is a portion 
of an integrated circuit structure similar to structures 100 
and 200 described above. Structure 300 includes substrate 
310 having contact point 320 thai is, for example, a circuit 
device including a transistor or an interconnect Overiying 
contact point 320 is an interconnect stmcture formed in via 
370 and trench 375 through dielectric material 330. The 
interconnect structure inchides shunt material 380A intro- 
duced in via 370. In this embodiment, shunt material 380A 
substantially fills via 370. Shunt material 380A may be 
introduced by a chemically-induced oxidation-reduction 
reaction or electroless plating process, using contact point 
320 as a surface to initiate the plating process. Alternatively, 
a barrier material such as described above may be intro- 
duced atong the side walls and base of trench and via 370 
prior to introduction of shunt material 380A. 

[0048] FIG. 8 shows barrier material 340 introduced 
atong the side walls and base of trendi 375. In this embodi- 
ment, barrier/seed material is omitted from the via and, 
instead, shunt material 380A substantially fills via 370. 
ChrerlyinfiJbMrier.mate.rial ,34(Lis .optional shunt material 
380B. Overlying shunt material 380B ^optional seed mate- 
rial 390 of, for example, electroless plated copper. Intercon- 
nect material 360 of, for example, copper or a copper alloy, 
is introduced within trench 375 to fill the trench. Shunt 
material 380C is optionally introduced to encapsulate inter- 
connect material 360 simUar to the shunt material cap 
described above with reference to FIG. 2. Suitable materials 
for shunt material 380A, shunt material 380B, and shunt 
material 380C are similar to those described above, and 
inchide cobalt and nickel, and their alloys, inchxding alloys 
containing noble and transition metals as well as phospho- 
rous and boron. 

[0049] Advantages of selectively filling via 370 with shunt 
material includes that the resulting interconnect structure 
provides low contact resistance by eliminating an interface 
between phigs and metal layers where such plugs (e.g., W) 
may have been used in prior art processes. The introduction 
of shunt material 380A in via 370, particularly by a chemi- 
cally-induced oxidation-reduction reaction or electroless 
plating process also reduces gap-fill problems seen in plating 
copper into via in the prior art The reduction in gap-fill 



problems improves the vias resistance and thus the inter- 
connect performance. While not wishing to be bound by 
theory, it is believed that the gap-fill problems may be 
avoided since the electroless process essentially glows shunt 
material 280Afrom the surface of the underlying conductive 
surface, thus reducing the possibility of such via forming. 
[0050] Methodologies used to introduce the above-men- 
tioned materials and structures by electroless plating inchide 
submerging the substrate (wafer) to be plated into an elec- 
troless plating bath. Topically, the wafer is held in an 
apparatus with seals to prevent exposure of the backside of 
the wafer to plating chemicals (thereby reducing the poten- 
tial for backside metal contamination of the wafer). A wafer 
holder may hold the wafer with the device side (where 
circuits are or are to be fonned) face down or face up, which 
may reduce complications to the deposition due to gas 
evolution during the plating process. The temperatures 
required to facilitate the desired reaction may be adiieved by 
heating the wafer, heating the bath or a combination of the 
two. In another embodiment, a dispensed plating is suitable. 
In this process, chemicals are dispensed onto the device side 
of the wafer while again the backside is protected from 
exposure. This confieuratiomay have the advantage of 
limiting the interaction between reducing and oxidizing 
agents to tubing or other apparatus situated very close to the 
target wafer. Consequently, little or no depletion of the metal 
ions to be deposited occurs due to decomposition of the 
plating fluids. Again, the reaction temperatures arc achieved 
by heating the wafer, the plating chemicals or both. In 
another embodiment, electroless deposition is performed on 
a wafer scrubber. A scrubber typically consists of cylindrical 
rotating pads which mechanically remove debris firom both 
sides of the wafer. The scrubbing step is typically, the final 
step of a diemical mechanical polish (CMP) process. Since 
shunt material introduction as described above typically 
follows CMP, electroless introduction on a wafer scrubber 
allows for integration of the electroless process onto a singje 
CMP tool. 

[0051] In the preceding detailed description improved 
interconnect structures incorporating a shunt material and 
techniques of forming such stmctures are presented. The 
invention is described with reference to spedfic embodi- 
ments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without 
departing from the broader ^irit and scope of the invention 
as set forth in the claims. The specification and drawings are, 
accordingly, to be regarded in an illuslrative rather than a 
restrictive sense. 



What is claimed is: 

1. A method comprising; 

introducing a portion of an interoormect stmcture in an 
opening through a dielectric over a contact point; and 

introducing a conductive shunt material adjacent the 
portion of the intercrainect stmcture through a chemi- 
cally-induced oxidation-reduction reaction. 

2. The method of claim 1, wherein introducing the shunt 
material comprises introducing a shunt material precursor in 
the presence of a reducing agent. 

3. The method of claim 2, wherein the reducing agpnt 
comprises an alkaline metal-free material. 
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4. The method of claim 2, wherein introducing the shunt 
material piecuisor comprises introducing the shunt material 
precursor in the presence of a non-metallic chelating agpnt 

5- The method of claim 1, further comprising: 

introducing the shunt material in an alkaline environment 
with a pH adjusted by an alkaline metal-free pH 
adjuster. 

6. The method of claim 1, further comprising: 

prior to introducing the idiunt material, modifying the 
e}q;)osed surface of the interconnect structure. 

7. The method of claim 6, v^erein modifying the surface 
of the interconnect structure comprises one of stripping with 
a stripping agent and doping with a dopant. 

8. Tlie method of claim 1, wherein introducing the inter- 
connect structure comprises introducing a barrier material 
and an interconnect material, and the introduction and 
reduction of the shunt material precedes the introduction of 
the interconnect material. 

9. The method of claim 8, wherein introducing the inter- 
connect structure further includes introdudng a seed mate- 
rial following the introduction of the barrier material. 

10. The method of claim 8, wherein the opening through 
the dielectric material comprises a via having a crc^ 
sectional area and a volume, and a trench to (he via having 
a cross-sectional area greater than the cross-sectional area of 
the via, and introducing the shunt material comprises intro- 
ducing the shunt material to substantially fill the volume of 
the via. 

11. The method of claim 2, wherein introducing the shunt 
material comprises: 

placing a substrate comprising the interconnect structure 
in a bath comprising the shunt material precursor. 

12. The method of claim 11, further comprising, prior to 
placing the substrate in the bath, protecting a portion of the 
substrate to exposure to the components of the bath. 

13. The method of claim 2, wherein introducing the shunt 
material comprises: 

dispensing the shunt material precursor onto the intercon- 
nect structure. 

14. The method of claim 2, yrhtidn introducing the shunt 
material comprises: 

placing a substrate comprising the interconnect structure 
in a wafer scrubber; and 

while in the wafer saubber exposing the interconnect 
structure to the shunt material precursor. 

15. A method comprising: 

introducing an interconnect structure in an opening 
through a dielectric over a contact point; 

introducing a conductive shunt material having an oxida- 
tion number over an exposed surface of the intercon- 
nect structure; and 

reducing the oxidation number of the shunt material. 

16. The method of claim 15, further comprising prior to 
reducing the oxidation number of the shunt material, intro- 
ducing a reducing agent. 

17. The method of claim 16, wherein the reducing agent 
comprises an alkaline metal-free material. 



18. The method of claim 15, further comprising: 

reducing the oxidation number of the shunt material in the 
presence of a non-metallic chelating agent. 

19. The method of daim 15, further comprising: 

reducing the oxidation number of the shunt material in an 
alkaline environment. 

20. The method of claim 15, further comprising: 

prior to introducing the shunt material, modifying the 
exposed surface of the interconnect structure. 

21. TTie method of claim 20, wherein modifying the 
surface of the interconnect comprises one of strq)ping with 
a stripping agent and doping with a dopant. 

22. The method of claim 15, wherein introducing the 
interconnect structure comprises introducing a barrier mate- 
rial and an interconnect material, and the introduction and 
reduction of the shunt material precedes the introduction of 
the interconnect material. 

23. The method of claim 22, wherein introducing the 
interconnect structure further includes introducing a seed 
material following the introduction of the barrier material. 

24. The method of claim 22, wherein the opening through 
the dielectric material comprises a via having a cross- 
sectional area and a volume, and a trench to the via having 
a cross-sectional area greater than the cross-sectional area of 
the via, and introducing the shunt material comprises intro- 
ducing the shunt material to substantially fill the volume of 
the via. 

25. An apparatus comprising: 

a substrate comprising a device having contact point; 

a dielectric layer overlying the device with an opening to 
the contact point; and 

an interconnect structure disposed in the opening com- 
prising an interconnect material and a different con- 
ductive shunt material. 

26. The apparatus of daim 25, wherein the shunt material 
overlies the interconnect material. 

27. The apparatus of claim 26, wherein the dielectric layer 
is a first dielectric layer, and fiirther comprising a second 
dielectric layer with an opening to the shunt material. 

28. The ^aratus of claim 25, wherein the interconnect 
structure comprises a barrier material dii^sed along side 
walls of the opening and the shunt material is disposed 
between the barrier material and the interconnect material 

29. The apparatus of claim 28, wherein the interconnect 
structure comprises a seed material and the shunt material is 
disposed between the seed material and the interconnect 
material. 

30. The apparahis of claim 25, wherein the opening 
through the dielectric material comprises a via having a 
cross-sectional area and a volume, and a trench to the via 
having a cross-sectional area greater than the cross-sectional 
area of the via, and the shunt material substantially fills the 
volume of the via. 

31. The a^aratus of daim 30, wherein the interconnect 
structure comprises a barrier material di^sed along side 
walls of the opening and the shunt material is disposed 
between the barrier material and the interconnect material. 

32. The apparatus of claim 25, wherein the conductive 
shunt material comprises one of cobalt and a cobalt alloy. 

***** 
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ABSTRACT 



A metallized structure for use in a microelectronic circuit is 
set forth. The metallized structure comprises a dielectric 
layer, an ultra-thin film bonding layer disposed exterior to 
the dielectric layer, and a low-Me concentration, copper-Me 
alloy layer disposed exterior to the ultra-thin film bonding 
layer. The Me is a metal other than copper and, preferably, 
is zinc. The concentration of the Me is less than about 5 
atomic percent, preferably less than about 2 atomic percent, 
and even more preferably, less than about 1 atomic percent. 
In a preferred embodiment of the metallized structure, the 
dielectric layer, ultra-thin film bonding layer and the copper- 
Me alloy layer are all disposed immediately adjacent one 
another. If desired, a primary conductor, such as a fibn of 
copper, may be formed exterior to the foregoing layer 
sequence. The present invention also contemplates methods 
for fbraung the foregoing structure as well as electroplating 
baths that may be used to deposit the copper-Me alloy layer. 
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Figure 5 : Polarization curves in test solutions 

containing 45 g/1 ZnS04 and 0 to 5 g/1 
CUSO4 
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Figure 6 : Polarization curves in test solutions 
containing 45 g/1 ZnS04 and 0 to 5 g/1 
CUSO4 
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Figure 7 : Polarization curves in test solutions 
containing 40 g/1 ZnS04 and 5 - 10 g/1 
CuS04 
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Figure 8 : Polarization curves in test solutions 

containing 35 g/1 ZnS04 and 5 - 15 g/1 
CUSO4 
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Figure 9 : Polarization curves in test solutions 

containing 30 g/1 ZnS04 and 5 - 15 g/1 
CUSO4 
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Figure 10: Polarization curves in test solutions 
containing 25 g/1 ZnS04 and 5 - 20 g/1 
CUSO4 
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Figure 1 1 : Polarization curves in test solutions 
containing 20 g/1 ZnS04 and 0 - 20 g/1 
CUSO4 
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Figure 12 : Polarization curves showing the effect 
of ammonia and ethylene diamine 
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Figure 13 : Polarization curves showing the effect 
of addition of small quantities of 
copper 
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METALLIZATION STRUCTURES FOR 
MICROELECTRONIC APPUCATIONS AND 
PROCESS FOR FORMING THE STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPUCAnONS 

[0001] This application claims priority from U.S. Provi- 
sional appUcation tifled "Electrochemical Co-Deposition Of 
A Copper-Based Alloy MetaUization", Ser. No. 60/091.691, 
filed May 30. 1998, and from U.S. Provisional AppUcation 
tided"MetaUization Structures for Microelectronic AppUca- 
tions and Process for Forming the Structures", Ser. No. 
60/114,512, filed Dec. 31, 1998. 

BACKGROUND OF THE INVENTION 

[0002] An integrated circuit is an interconnected ememble 
of devices formed within a semiconductor material and 
within a dielectric material that overUes a surface of the 
semiconductor material. Devices which may be formed 
within the semiconductor material inchide MOS transistors, 
bipolar transistors, diodes and diffused resistors. Devices 
which may be formed within the dielectric include thin-fihn 
resistors and capacitors. Typically, more than 100 integrated 
circuit die (IC chips) are constmcted on a smgle 8 mch 
diameter silicon wafer. The devices utilized in eadi dice are 
interconnected by conductor paths formed within the dielec- 
tric. Topically, two or more levels of conductor paths, with 
successive levels separated by a dielectric layer, are 
employed as interconnections. The metallization used to 
form such interconnects likewise has applicabiUty m the 
formation of discrete microelectronic components, sudi as 
read/write heads, on other substrate materials. In current 
practice, an aluminum alloy and siUcon oxide arc typicaDy 
used for, respectively, the conductor and dielectric. 
[0003] Delays in propagation of electrical sigiials between 
devices on a single dice limit the perfonnance of integrated 
circuits. Such delays in propagation also limit the perfor- 
mance of discrete microelectronic components. More par- 
ticularly, these delays Umit the speed at which an integrated 
circuit or microelectronic component may process or other- 
wise conduct these electrical signals. Larger propagation 
delays reduce the speed at ^dlich the integrated circuit may 
process the electrical signals, while smaller propagaUon 
delays increase this ^eed. Accordingly, integrated circuit 
manufacturers seek ways in which to reduce the propagaUon 
delays. 

[0004] For each interconnect path, signal propagation 
delay may be characterized by a time delay t. See E. H. 
Sti^y^ns,Interconnect Technology QMC, Inc., July 1993. An 
approximate expression for the time delay, x, as it relates to 
the transmission of a signal between transistors on an 
integrated drcuil is given by the equation: 

[0005] In this equation, R and C are, respectively, an 
equivalent resistance and capacitance for the interconnect 
path, and W and are, re^ectively, the saturation 
(maximum) current and the drain-to-source potential at the 
onset of current saturation for the transistor that apphes a 
signal to the interconnect path. The path resistance is pro- 
portional to the resistivity, p, of the conductor matenal. The 
path capacitance is proportional to the relative dielectric 
permittivity, K,, of the dielectric material. A anall value of 



X requires that the interconnect line carry a current density 
sufEdently large to make the ratio Vsat/^/RIsat si°all. It 
follows, therefore, that a low-p conductor that can cawy a 
high current density and a low-K. dielectric should be 
utilized in the manufacture of high-performance mtegrated 
circuits. 

[0006] To meet the foregoing criterion, copper intercon- 
nect lines within a low-K, dielectric will likely replace 
aluminum-alloy lines within a sflicon oxide dielectric as the 
most preferred interconnect structure. Sce"Copper Goes 
Mainstream: Low-k to Follow", Semiconductor Iraema- 
tionak November 1997, pp. 67-70. Resistivities of copper 
films are in the range of 1.7 to 2.0 ^iQcm. while resistivities 
of aluminum-alloy films are higher in the rangp of 3.0 to 35 
/iQcm. 

[0007] Despite the advantageous properties of copper, 
several probkms must be addressed for copper interconnects 
to become viable in largp-scale manufacturing processes. 

[0008] Dif&ision of copper is one such problem. Under the 
influence of an electric field, and at only moderately elevated 
temperatures, copper moves rapidly through silicon oxide It 
is believed that copper also moves rapidly tiirough low-K^ 
dielectrics. Such copper diffusion causes faihire of devices 
formed within the silicon. 

[0009] Another problem is the propensity of cogEer 1o 
nvirti^p rapidl y when ii ^eiiyd in aqueous solutiofls^or 
when ftT posed to an oxygen-coiitaini ngjLtoo^Bhere, Oxi- 
dized surfaces of the copper are rendered non-conductive 
and thereby Umit the current carrying capabiUty of a given 
conductor path when compared to a similarly dimensioned 
non-oxidized copper path. 

[0010] A stiU fiirther problem with using copper in inte- 
grated circuits is that it is difficult to use copper m a 
multi-layer, integrated circuit structure with dielectric mate- 
rials. Using traditional methods of copper deposition, copper 
adheres only weakly to dielectric materials. 

[00111 Finally, because copper does not form volatile 
halide compounds, direct plasma etching of copper cannot 
be employed in fine-line patterning of copper. As such, 
copper is difficult to use in die increasingly small geometries 
required for advanced integrated circuit devices. 
[0012] The semiconductor industry has addressed some of 
the foregoing problems and has adopted a generaUy standard 
interconnect architecture for copper interconnects. To this 
end, the industry has found that fine-line pattemmg of 
copper can be accomplished by etching trenches and vias in 
a dielectric, filling the trenches and vias with a deposition of 
copper, and removing copper from above the top surface of 
the dielectric by chemical-mechanical polishing (CMP). An 
interconnect architecture called dual damascene can be 
employed to implement such an interconnect structure and 
thereby form copper lines within a dielectric. 

[0013] At least one of die processes in the formation of the 
dual-damascene architecture is particularly Uoublcsome. 
More particularly, deposition of thin, uniform bamer and 
seed layers into high aspect ratio (depth/diameter) vias and 
high aspect ratio (depth/width) trenches is difl&cult. The 
upper portions of such trenches and vias tend to pmcb-off 
before the respective trendi and/or via is completely filled or 
layered with the desired material. This problem is further 
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exaceibated when the interconnect structures fonned in the 
trenches and vias include multiple layers. ConductiviUes of 
known barrier materials are negligfele compared to the 
conductivity of copper; thus the conductance of narrow 
interconnect lines is markedly reduced by the bamer layer 
that must be interposed between the copper and dielectna 
[0014] The present inventors have found that deposition of 
lean alloys of copper may solve these problems. More 
particularly, the present inventors have determmed that 
addition of zinc to copper in very low quantities assists in 
solving the difi&ision and self-passivation problems and, 
further, have suggested a metallization structure that takes 
advantage of these qualities. Still further, the present mven- 
tors have developed an electroplating process that may be 
used to deposit the copper/zinc alloy that may be used m 
conjunction with the other processes employed to form the 
proposed metallization structure. 

BRIEF SUMMARY OF THE INVENTION 
[0015] A metallized structure for use in a microelectronic 
circuit is set forth. The metallized structure comprises a 
dielectric layer, an ultra-thin fflm bonding layer disposed 
exterior to the dielectric layer, and a low-Me conception, 
copper-Me alloy layer disposed exterior to the ultra-thm film 
bonding layer. The Me is a metal other than copper and, 
preferably, is zinc. The concentration of the Me is less than 
about 5 atomic percent, preferably less than about 2 atomic 
percent, and even more preferably, kss than about 1 atomic 
percent In a preferred embodiment of the metallized struc- 
ture the dielectric layer, ultra-thin film bonding layer and 
tiie copper-Me alloy layer are all diqwsed immediately 
adjacent one another. If desired, a primary conductor, such 
as a fihn of copper, may be formed exterior to the foregomg 
layer sequence. The present invention also contemplates 
metiiods for forming the foregoing structure as weU as 
electroplating baths that may be used to deposit tiic copper- 
Me alloy layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF TOE DRAWINGS 
[0016] FIG.1 ilhistrates a multilayer metallization struc- 
ture constructed in accordance with one embodiment of the 
present invention. 

[0017] FIG. 2 is a chart i^owing the relationship between 
the resistivity of a QJBEfiSsJd^^^JNJaycr as a fimction of the 
annealing temperature. 

[0018] FIGS, 3A and 3B are charts illustrating the effect 
of pulse parameters on the resistivity of an electrochemicaUy 
deposited cq2per;^ziDc^ 

using^an^electroplatHg SPM^nJhaving a oonsUtuent com- 
position in^accordance with one embodiment of the present 
invention. 

[0019] FIG- 4 is a chart illustrating the effect of pulse 
parameters on the zinc composition of an electrochemicaUy 
deposited copper-zinc alloy that has been deposited usmg an 
electroplating solution having a constituent composiUon m 
accordance witii one embodiment of the present mvenUon. 
[0020] FIG. 5 is a graph illustrating the polarization 
behavior of a copper rod in copper sulfate solutions. 
[0021] FIGS. 6-11 are graphs illustrating the cathodic 
polarization of a copper rod in plating sohitions containmg 
various quantities of zinc and copper sulfate. 



[0022] FIG. 12 is a graph illustrating the polarization 
response of copper in a solution containing 1 g/1 of copper 
sulfate and otiiers sohition constituents. 
[0023] FIG. 13 is a graph ilhistrating polarization curves 
for plating solutions containing 45 gA ZnS04 and various 
quantities of CuSO^. 

[0024] FIG. 14 illustrates the composition of an electro- 
chemicaUy deposited layer that was deposited on a copper 
rod in tests conducted with one embodiment of the disclosed 
aUoy electroplating solution. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] FIG. 1 ilhistrates a multilayer metallization struc- 
ture constructed in accordance with one embodiment of tiie 
present invention. As iUustrated, the metallization structure, 
shown generally at 20, comprises aplurality of thin layers of 
conductive material deposited exterior to and, preferably, 
directiy on a dielectric layer 25. In the sgGO&c embodiment 
shown here, the dielectric layer 25 is disposed extenor to 
and, preferably, on a substrate 30, such as a silicon semi- 
conductor wafer. It will be recognized tiiat the metalliaUon 
structure 20 may be disposed exterior to a wide range of thm 
film layer and/or substrate material types and, further, inay 
be constructed to conform to various surface geometnes. 
The metallization structure 20 thus has appUcability to 
diverse classes of microelectronk components and/or mter- 
connects. 

mZ6\ The composition of the dielectric layer 25 is gen- 
erally dependent on the fimction of tiie metallization struc- 
ture 20 When the metallization structure 20 is used to 
implement a post or line of an electrical interconnect net- 
work, the dielectric layer 25 is preferably comprised of a 
low-K material. When the metallization structure is used to 
implement a discrete microelectronic component such as a 
capacitor, however, the dielectric layer 25 is preferably 
comprised of a high-K material. To increase adhesion 
between the dielectric layer 25 and a subsequent layer, sudi 
as ultra-thin bonding layer 30, the surface of the dicle<toc 
layer may be subject to an adhesion promoting process. For 
example, the dielectric surfiice may be subject to treatment 
in an atmosphere having a high ozone content. AltemaUvely, 
some form of mild mechanical or chenaical abradmg process 
may be used. 

[0027] As shown in FIG. 1, the metallization structure 20 
is comprised of an ultra-thin fihn bonding layer 35 disposed 
exterior to the dielectric layer 25, a low-zinc concentraUon, 
copper-zinc alloy layer 40 disposed exterior to the ulUa-thm 
film bonding layer 35, and an optional primary conductive 
layer 45 di^sed exterior to the copper-zinc alloy layer 40. 
In a preferred embodiment illustrated here in FIG. 1, each 
of the layers 35, 40 and 45 are immediately adjacent one 
another. As such, die copper-zinc alloy layer 40 is deposited 
directiy on tiie bonding layer 35 and the optional primary 
conductive layer 45 is deposited directiy on tiie copper-zmc 
alloy layer 40. 

[0028] In view of tiie properties of tiie copper-zinc alloy 
layer 40, it becomes possfljle to use an ultra-thin bonding 
layer 35. Preferably, tiie tiiickness of tiie bonding layer 35 is 
limited to a few monolayers. For example, the bonding layer 
tiiickness may be between 10-20 angstroms and, more 
preferably, less tiian about 15 angstroms. 
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[0029] The bonding layer 35 functions principally as an 
adhesion promoter to bond the copper-zinc alloy layer 40 to 
the dielectric layer 25. The copper barrier characteristics of 
the bonding layer material are generally not as important as 
its bonding characteristics. This is due to the inherent 
self-passivation and copper-confinement properties of the 
C(M)pcr-zinc alloy layer 40. The present inventors have found 
that conducting materials that will bond with the dielectnc 
and provide the requisite adhesion will also normally bond 
well with the copper of the ^pper-?incaUoy layer 40.^Many 
such materials, however, have h^er resistivities than cop- 
per Since an ultra-thin layer of the bonding material is used, 
however, the bonding layer 35 does not significantly con- 
tribute to the resistance of the multilayer metallizaUon 
structure 20. As such, several metals and alloys may be used 
as the bonding layer material. These include: Al, B, Hf. 1^, 
n Zn, Cu, Pd, SiC, TiZn, V, Nb, Sb, Sn, nitrides, carbides, 
borides of refractory metals, and metallic compostructures. 
Generally stated, the bonding layer material may be any 
metal or alloy with a high magnitude free-energy of forma- 
tion for the compounds that will form at the dielectric-metal 
interface (e.g. titanium carbide or aluminum oxide formmg 
on a polymer/titanium interface, or siHcon oxide/aluminum 
inter&ce, respectively). Depending on the particular mate- 
rial chosen, the bonding layer 35 may be applied using one 
or more commonly known deposition techniques, such as 
PVD or CVD. As technolc^ advances, the bondmg layer 35 
may ultimately be susceptible to appUcation using an elec- 
trochemical depositicHi process. 

[0030] The optional primary conducting layer 45 may be 
depoated on the copper-zinc alloy layer 40 to provide an 
even lower resistivity material that functions as the primary 
conductive path for electrical signals and, thus, reduces the 
overall resistance of the metallization structure 20. The 
optional primary conducting layer 45 may not be necessary 
in situations where the copper-zinc alloy layer 40 has a 
resistivity that is suffidentiy low to meet the orcuit or 
component requirements. TTie conducting layer 45 of the 
ilhistrated embodiment, in most applications, is preferably 
copper. Hie copper layer may be deposited using any of ^e 
known film deposition techniques. However, it is jHcferably 
deposited using an electrochemical deposition technique. 

[0031] One of the unique layers employed in tiie metalli- 
zation stmcture 20 is the copper-zinc alloy layer 40. The 
coppetancallqy layer 40 includes a very low zinc content. 
PrcfSS55^e ziiS^ntism IS below aSoui 5 atomic percent. 
More preferably, the zinc content is below about 2 atomic 
percent. TTie present inventors have found that even those 
copper-zinc alloys having a zinc content below about 1 
atomic percent exhibit properties that make them suitable for 
inchiaon in the metallization structure 20. A balanced 
approach to dioosing the zinc content is generally necessary. 
The greater the zinc content in the alloy, the greater is the 
resistivity of the resulting layer. To reduce the resistivity of 
the alloy layer, the zinc content of the alloy should be 
mimntized. However, with reduced zinc content, the oxida- 
tion resfetance and copper-confinement properties begin to 
degrade. As such, the zinc content should be dio^n to 
balance the resistivity of the Uyer against the oxidation 
resistance and copper-confinement properties. Tlie zinc con- 
tent chosen for the alloy tims becomes dependent on l^c 
performance requirements of the metallization structure 20. 



[0032] It is the properties of the copper-zinc alloy layer 40 
that allow it to be used in conjunction with the very thm 
bonding layer 35. By using an ultra-thin bonding layer, 
microstructures that are filled using the sequence of layers of 
metallization structure 20 inchide a larger proportion of 
high-conductivity to low^onductivity materials than can be 
obtained ^en using the thidter bonding/barrier layeis that 
arc necessary when a pure copper layer is employed without 
an intermediate copper-zinc alloy layer. 

[0033] The copper-zinc alloy layer 40 may be deposited 
using guttering techniques or, as wiU be set forth in ^ter 
detail below, electrodiemical deposition techniques. When 
tiie layer 40 is q)utter deposited, the aUoy composition is 
generaUy determined by the composition of the target. Alloy 
layers having different zinc content are thus generally sput- 
ter deposited using different copper-zinc composition tar- 



[0034] Notwithstanding the particular deposition tech- 
nique used to deposit the layer, the present inventors have 
found that the resistivity of the copper-zinc aUoy layer 40 
may be reduced using a low-temperature annealing proce^ 
FIG. 2 is a, chart showing the relationship between the 
re^i^KSf5.a.ffl^ 

annealing temperatore for a number of samples m which the 
copper'^^rifey Vas^ ^ttS depc^ited on the dielectnc 
material. The guttering was done at 2.5 kW (03 k voltxS 
amps) with a base pressure of lO'' Torr and an aigon pressure 
of 5 mTorr for 10 minutes. The annealing took placeat ttie 
given temperatures for jj^j^^rMaL30tDmuks. TTST 
sputter target had a zt^^^tent of5 atomic percent. 
[0035] As mustrat4!^ea^Uder the foregoing oon^ 
ditions generally mapro^^^Jgr^s^ 
layer when compared to the resistivity of the layer as 
originally deposited. The results show a general decrease m 
resistivity with increasing annealing temperature. However, 
the resistivity was not si^canfly enhanced with increasmg 
annealing temperatures above about 35ff C.-400" C. As 
such, given tiie diminishing resistivity enhancement pro- 
vided above such temperatures, it has been found to be 
preferable tc«»^,gjacsEK^^nc^ 
ing temperature that is at or below this temperature range, 
thereby increasing the available thermal budget of the 
microelectronic workpiece (e.g., a semiconductor wafer). 
The anneaUng process may take place at an even tower 
temperature when one or more of the layers of the overall 
microelectronic woriq)iece degrade or are otherwise stressed 
when subject to high annealing temperatures. For example, 
many low-K dielectric materials begin to degrade at tem- 
peratures above about 250 * C.-350» C. As sudi, anneahng 
must take place betow sudi temperatures. 

[0036] Although the copper-zinc alloy layer 40 may be 
deposited using a gutter deposition process, acid copper 
electroplating is becoming popular and it has a number of 
advantages over other types of deposition. It is relatively 
fast, inexpensive, easy to maintain and control, less tone 
and produces deposits of good uniformity, strength and 
ductiUty. Copper and zinc, however, are widely separated m 
electrochemical series (Ec„/ci,2*-+034 and ^za/zn2H.--0.76 
mV with respect to Standard Hydrogen Electrode, SHE), in 
an acid medium, where botii metals exist as simple cations, 
namely Cu^ and Zn^, it is therefore not possible to 
co-deposit both copper and zinc. When an attempt is made 
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to electiodieinically deposit two different metals having 
different deposition potentials ftaajaJfectxgplatin&^lur^ 
tion, the metal having the lower magnitude deposition 
potential will generally plate out from the solution and a 
significant amount of gas will evolve before reaching the 
greatermagnitude deposition potential of the other metal. So 
it therefore becomes necessary to think of chemicals, which 
when added to a system containing ample cations* bnng the 
disparate deposition potentials proximate one another so that 
the metals can be co-deposited. To this end, complexing 
agents (coordinating ligands) such as cyanide, ethylenedi- 
amine, EDTA etc., may be used. TTiese ligands coordinate 
with copper ions and form what are called coordinate 
complexes of copper thereby reducing the activity of copper 
and, hence, the electrode potentials. In other words, in the 
presence of complexing agents, the reduction potentials and, 
thus, the potentials at which the metals are electrodeposited, 
are shifted to more negative regions. The extent to which 
they arc shifted is different for different elements. The 
present inventors have exploited this phenomenon to elec- 
troplate a thin fihn copper layer with very small amounts of 
zinc of less than 5 atomic percent and, more preferably, 
around about 1 atomic percent, and below. 
[0037] To fadlitale the electroplating of both copper and 
zinc to form the coppeKzinc alloy layer 40^ a ^ J^^ 
electroplating sohU^ fdrelectrochemically depositing a 
copper-SratforwS^^loped. The preferred solution 
may be used in the electrochemical deposition of the ojpper- 
zinc alloy layw 40 of the metallization structure 20 ^own 
in FIG- 1, as well as in the elecU^ochemical deposition of 
other copper-based aUoys used for the aUoy layer 40 of 
structure 20. In accordance with a preferred compositioii of 
the sohiticMi, the solution includes the following constitu- 
ents: 

TABLE 1 

nvn mFTTROPLAUNG SQLimON 



OONSirrUENT OONCENTRAnON FUNCITON 



MeS04 
CUSO4 

(NH4>2S04 

Addition agent 
NH4OH 



1(M0 g/1 



5-20 gn 
2CM0 g/1 
0.1-1 ml/l 



50-100 mlA 



Used as a souioe of 
metal. Me, that is to be 
alloyed with the ooppei 
(Me - zinc, atummuin, 
boron, magnesium, Ce, 
etc.) 

Used as a source of 
copper for the metal alloy 
Used as a complexing 
agent 

Preferably, ED or EDIA, 
serving as both a wetting 
agent as well as a 
con^lezing a^nt 
(optional constitueiit) 
Used to adjust the pH of 
the solution, which 
should be maintainrd 
between a pH of about 8 
to a pH of about 11. This 
constituent also ftinctians 



[0038] With the foregoing solution, it is possible to use a 
wide range of plating parameters to deposit a copper-zinc 
alloy layer 40 having a low resistivity (e.g., 1.8 -2.4 
u-ohms/an) while also having the desired oxidation resis- 
tonce and copper confinement properties. Preferably, the 



alloy is plated using a constant potential (a. opposed to a 
consUnt current) waveform. The plating potential used is 
preferably between 300 mV and 900 m V cathodic. Although 
a DC plating waveform may be used, it is preferable to have 
a forward pulsed waveform. The forward pulsed waveform 
may have an on/oflf cycle of 50/20 msec to 90/10 msec. 
Particularly good via and trench microsUucture filliiig 
results when a waveform of 0.6/0.3 msec is used. 
[0039] FIGS. 3A and 3B are charts illustrating the effect 
of pulse parameterson the resistivity of the resulting copper- 
zinc alloy layer, while FIG. 4 is a chart illustrating the effect 
of pulse parameters on the zinc composition of the resulting 
layer. The rightmost pulse parameter results illustrated in of 
each of the figures inchided plating waveforms having 
reverse pulses as weD as Corwaid pulses. As can be seen from 
FIG. 4, the zinc content of the alloy may be manipulated by 
varying the pulse parameters, 

[0040] Although an inert anode may be used in the depo- 
sition process, a consumable anode is preferred. The con- 
sumable anode may be comprised of pure copper or of 
copper-phosphorous, with the copper-phosphorus anode 
providing better microstructure filling and better copper- 
alloy layer characteristics. 

[0041] Various tests were performed to characterize the 
particular constituents used in the foregoing electroplating 
solution. For example, the polarization behavior of a copper 
rod in copper sulfate solutions is shown in FIG. 5. Increas- 
ing the concentration of copper in the bath shifted the SSP 
(Steady State Pbtential) to the anodic side. There did not 
appear to be any hydrogen evolution in the potential range 
studied. 

[0042] The cathodic polarizations of a copper rod in 
plating solutions containing various quantities of zinc and 
copper sulfate are illustrated in HGS. 6-U. When the ratio 
of zinc to copper is in the range 8:1 to 5:1, the polarization 
curves go through three minima, the first one at the highest 
negative potential corrc^nds to zinc deposition/dissohi- 
tion, the other two correi^nd to a steady state region of 
alloy of copper and zinc. The increase in copper content m 
solution shifts the curves upwards to more positive poten- 
tials. Though the ratio varies, the total amount of copper in 
all these examples is the same: 5 g/1. Only when the copper 
concentration is increased from this level to 10 g/1 (in 30:10 
combination, where the ratio is 3:1, but total copper sulfate 
concentration is 10 g/1), do the two minima at negative 
potentials disappear and leave only one SSP at high positive 
potential. This is due to the fact that the solution attains a 
copper dissolution/deposition equilibrium. Two parameters 
were thus identified: the ratio of copper sulfate to zinc 
sulfate in sohition and the concentration of copper sulfate. 
Unless the copper concentration is increased above 10 g/1, it 
does not appear to be possible to avoid the minima at higher 
negative potentials. By increased addition of copper to zinc 
sulfiite (Ratio 1:1 and copper at 20 g/1 level), the current is 
not increased significantiy. This is due to complexation, but 
there is an advantage of stability of tiie solution where the 
concentration decrease due to plating may not change the 
current density significantiy. Thus it is best to utilize a 
composition that allows the sohition to work over a wide 
range of potentials to obtain die same composition of tiie 
deposit. 

[0043] FIG. 12 shows the polarization rei^onse of copper 
in a sohition containing 1 g/1 copper sulfate. The presence of 
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ammoDium hydroxide induces the formation of aminocom- 
plexes, whereas the addition of ethylene amine induces the 
formation of ethylene amine complexes of metaUic ions 
present in the sohition. Whenever a complex ion is formed 
(by the reaction of metal ions with coordinating ligands 
present in solution), the activity of metal ions is reduced and 
this in turn reduces the deposition potential. The complex- 
ation also increases the oveipotential and decreases the 
cathodic current density. Tliese efiEects can be seen in this 
polarization curve. When only the amine is present, the 
steady state potential is around -1 V (SCE). Thus at poten- 
tials more negative to this, deposition of copper is possible. 
When ammonium hydroxide is present in test sohition, the 
SSP is depressed to a higgler negative vahie, to -0.47 
V(SCE). This indicates that the complex formed with 
ammonia can be reduced only at higher negative potentials. 
The follovwng equations represent the sequence of reactions 
that lead to the deposition of copper from complexes. 

Cu2*+4NH3-KQi(NH3)4p* 
[Cu(NH3)J^*+2«-Cli+NHs 
Ctt2^4£J>*[Cp(ED)Jj^ 

[0044] FIG. 13 illustrates the potentiodynamic polariza- 
tion curves in plating solutions containing 45 g/1 ZaS04 and 
various quantities of CUSO4. The curves show active depo- 
sition/dissohition regions that correspond to that of zinc, 
copper and/or an alloy of these metals. The reduction of zinc 
complex to zinc occurred at potentials negative to -13 V 
(SCE) when the bath contained only zinc sulfate and no 
copper sulfate. The addition of 1 and 2 g/1 copper sulfate 
resulted in this potential shifting to more anodic values, to 
-1.2 and -1.0 V (SCE) respectively. The steady state region 
that coiresponds to that of pure zinc was masked by the 
simultaneous copper deposition. The extent to \^^ch this 
occurred depended on the amount of copper in the bath. 
Tlius even before zinc that deposited at higher potentials 
dissolved, copper/copper alloy started to deposit. To observe 
the cross section of the cathodically polarized specimens, 
the experiment was terminated wl»n the current in the 
cathodic region went below 100 /iA (approximately at -0.5 
V SCE). The spGomcn was then polished to observe the 
layers from surface to inside. As ilhistrated in FIG. 14, the 
layers were seen to be copper, Cu— Zn alloy and zinc as 
viewed from from the deposit surface to copper rod/deposit 
interface. 

[0045] The electrochemical deposition of the copper-zinc 
alloy layer 40 may be implemented in a wide range of 
electroplating reactor types. An integrated processing tool 
that incorporates one or more electroplating reactors that are 
particularly suitable for implementing the fiDregoing elec- 
trochemical deposition process is available from Semitool, 
Inc., of Kalispell, Montana. Such tools are sold under the 
braild names LT-210™ and Equinox™ and are readily 
adapted to implement a wide range of electroplating pro- 
cesses used in the fabrication of microelectronic circuits and 
components. Advantageously, the reactors employed in 
these tools rotate a woiiq)iece during the electrochemical 
deposition process, thereby enhancing the uniformity of the 
resulting fflm. It is preferable to rotate a woikpiece when 
depositing the copper-zinc alloy layer 40 (or other alloy 
layer) onto the workpiece. To further enhance the quality of 
the resulting copper-Zn alloy layer 40, the electrochemical 



deposition reaction chambers) of these tools may be fitted 
with an ultrasonic generator that provides ultrasonic energy 
to the electroplating solution during the electrochemical 
deposition process to hereby enhance the desired character- 
istics of the resulting altoy layer. 

[0046] In addition to electroplating reactors, such tools 
frequently include other andUary processing chambeis such 
as, for example, pre-wetting chambers, rinsing chambeis, 
etc., that are used to perform other processes typically 
associated with electrochemical deposition. Semiconductor 
wafers, as well as other microelectronic woriqueccs* are 
processed in such tools one-by-one in the reactors and are 
transferred between the processing stations, as well as 
between the processing stations and iiq)ut/output stations, by 
a robotic transfer mechanism. The robotic transfer mecha- 
nism, the electroplating reactors and the plating napes used 
therein, as well as the components of the processing diam- 
bers are all under the control of one or more programmable 
processing units. 

[0047] Numerous modifications may be made to the fore- 
going inventions without departing from the basic teachings 
thereof. Although the present inventions have been 
described in substantial detail with reference to one or more 
specific embodiments, those of skill in the art wiU recognize 
that changes may be made thereto without departing from 
the scope and spirit of the invention as set forth in the 
appended claims. 

What is claimed is: 

1. A metallized structure for use in a microelectromc 
circuit, the metallized structure comprising: 

a dielectric layer; 

an ultra-thin film bonding layer disposed exterior to the 
dielectric layer, and 

a low-Me concentration, copper-Me alloy layer disposed 
exterior to the ultra-thin film bonding layer. 

2. A metallized structure as set forth in claim 1 wherein 
the dielectric layer is formed from a k)W-K dielectric mate- 
rial. . . 

3. A metaUized structure as set forth in daim 1 ^rein 
the dielectric layer is formed from a high-K dielectric 
material. . 

4. A metallized structure as set forth in claim 1 wfaerem 
the Me content of the copper-Me alloy layer is less than or 
equal to about 5 atomic percent. 

5. A metallized structure as set forth in claim 1 wherein 
the zinc content of the copper-Me alloy layer is less than or 
equal to about 2 atomic percent. 

6. A metallized structure as set forth in claim 1 wherein 
the zinc content of the copper-Me alloy layer is less than or 
equal to about 1 atomic percent. 

7. A metallized structure as set forth in claim 1 wherein 
the iiltra-thin bonding layer has a thickness between about 
10-20 angstrom s. 

8. Ametalliaed structure as set forth in claim 7 \^^rein 
the ultra-thin bonding layer has a thickness of less than about 
15 angstroms. 

9. A metallized structure as set forth in daim 1 wherein 
the ultra-thin bonding layer is comprised of a metal. 

10. A metallized structure as set forth in claim 1 ^rein 
the ultra-thin bonding layer is comprised of a metal alloy. 
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U. A metallized structure for use in a microelectronic 
circuit, the metallized stiuctuie comprising: 

a dielectric layer; 

an ultra-thin film bonding layer disposed exterior to the 

dielectric laycn and 

a low-zinc concentration, copper-zinc alloy layer dis- 
posed exterior to the ultra-thin film bonding layer 

12. A metallized structure as set forth in claim 11 and 
further comprising a primary copper conductor disposed 
exterior to the low-zinc concentration, copper-zinc alloy 
layer. 

13. A metallized structure as set forth in claim 11 wherein 
the dielectric layer is formed from a low-K dielectric mate- 
rial. 

14. A metallized structure as set forth in claim 11 wherein 
the dielectric layer is formed from a high-K dielectric 
material. 

15. A metallized structure as set forth in claim 11 wherein 
the zinc content of the copper-zinc alloy layer is less than or 
equal to about 5 atomic percent. 

16. A metallized structure as set forth in claim 11 wherein 
the zinc content of the copper-zinc alloy layer is less than or 
equal to about 2 atomic percent. 

17. A metallized structure as set forth in claim 11 wherein 
the zinc content of the copper-ziiic alloy layer is less than or 
equal to about 1 atomic percent. 

18. A metallized structure as set forth in claim 11 '^lerein 
the ultra-thin bonding layer has a thickness between about 
10-20 angstroms. 

19. A metallized structure as set forth in claim 18 wherein 
the ultra-thin bonding layer has a thidmess of less than about 
15 angstroms. 

20. A metallized structure as set forth in claim 11 wherein 
the ultra-thin bonding layer is comprised of a metal. 

21. A metallized structure as set forth in claim 11 wherein 
the ultra-thin bonding layer is comprised of a metal alloy. 

22. A metallized structure for use in a microelectronic 
circuit, the metallized structure comprising: 

a dielectric layer; 

an ultra-thin film bonding layer disposed adjacent to the 
dielectric layer; and 

a low-zinc concentration, copper-zinc alloy layer dis- 
posed adjacent to the ultra-thin film bonding layer. 

23. A metallized stmcture as set forth in claim 22 and 
further comprising a primary copper conductor layer adja- 
cent the low-zinc concentration, copper-zinc alloy layer. 

24. A metallized structure as set Cbrth in claim 72 wherein 
the dielectric layer is formed firom a low-K dielectric mate- 
rial. 

25. A metallized structure as set forth in daim 22 wherein 
the dielectric layer is formed from a Mgh-K dielectric 
material. 

26. A metallized structure as set forth in claim 22 wherein 
the zinc content of the copp^-zinc alloy layer is less than or 
equal to about S atomic percent. 

27. A metallized structure as set forth in claim 22 wherein 
the zinc content of the copper-zinc alloy layer is less than or 
equal to about 2 atomic percent. 

28. A metallized structure as set forth in claim 22 v^ierein 
the zinc content of the copper-zinc alloy layer is less than or 
equal to about 1 atomic percent. 



29. A metallized structure as set forth in claim 22 ^lerein 
the ultra-thin bonding layer has a thickness between about 
10-20 angstroms. 

30. A metallized structure as set forth in claim 29 wherein 
the ultra-thin bonding layer has a thickness of less than about 
15 angstroms. 

31. A metallized structure as set forth in claim 22 wherein 
the ultra-thin bonding layer is formed from a material with 
a high magnitude free-energy of formation for compounds 
that will form at the dielectric-twnding layer interface. 

32. A metallized structure as set forth in claim 22 wherein 
the ultra-thin bonding layer is comprised of a metal. 

33. A metallized structure as set forth in claim 22 wherein 
the ultra-thin bonding layer is comprised of a metal sSiay, 

34. A method for forming a metallized structure on a 
mioroelectronic workpiece cornprising the steps of: 

depositing a dielectric layer on the microelectronic work- 
piece; 

depositing an ultra-thin bonding layer exterior to the 
dielectric layer; 

depositing a low Me concentration, copper-Me alloy layer 
exterior to the ultra-thin bonding layer, where Me is a 
metal other than copper. 

35. A method for forming a metallized structure as set 
forth in claim 34 wherein the ultra-thin bonding layer is 
disposed inunediately adjacent the dielectric layer and the 
copper-Me aUoy layer is di^fiosed immediately adjacent the 
ultra-thin bondkg layer. 

36. A method for forming a metallized structure as set 
forth in claim 35 wherein the concentration of Me is less 
than about 5 atomic percent. 

37. A method for forming a metallized stmcture as set 
forth in claim 35 wherein the concentration of Me is less 
than about 2 atomic percent. 

38. A method for forming a metallized stmcture as set 
forth in claim 35 wherein the concentration of Me is less 
than about 1 atomic percent. 

39. A method for forming a metallized stmcture as set 
forth in claim 35 wherein Me is zinc. 

40. A method for forming a metalUzed stmcture as set 
forth in claim 36 wherein Me is zinc. 

41. A method for forming a metallized structure in set 
forth in claim 37 wherein Me is zinc. 

42. A method for formirig a metallized structure in set 
forth in daim 38 wherein Me is zinc. 

43. A method for forming a metallized stmcture as set 
forth in claim 34 wherein the copper-Me alloy layer is 
deposited using an electrochemical deposition process. 

44. A method for forming a metallized stmcture as set 
forth in claim 43 wherein the electrochemical deposition 
process uses a constant potential waveform. 

45. A method for forming a metallized structure as set 
forth in claim 44 wherein the constant potential waveform 
comprises a forward pulsed waveform. 

46. A method for forming a metallized structure as set 
forth in claim 35 wherein the copper-Me alloy layer is 
deposited using an electrochemical deposition process. 

47. A method for forming a metallized stmcture as set 
forth in claim 41 ^^rein the copper-Me alloy layer is 
deposited uang an electrochemical deposition process. 



us 2002/0050628 Al 



7 



May 2, 2002 



48. An electroplating bath for depositing a low-Me con- 
centration, copper-Me alloy layer on the surface of a micro- 
electronic woikpiece, where Me is a metal other than copper, 
the bath comprising: 

MeS04 as a source of the metal Me; 

Q1SO4 as a source of copper; 

(NH4)2^4 ^ A complexmg agent; and 

NH4OH as a pH adjuster. 

49. An electroplating bath as set forth in claim 48 ^lerein 
the M6SO4 is ZaS04. 

50. An electroplatmg bath as set forth in claim 48 wherein 
Me in the MeS04 is selected from the group consisting of the 
zinc, aluminum, boron, magnesium, and cesium. 

51. An electroplating bath as set forth in claim 48 and 
further comprising an addition agent thai serves as both a 
wetting agent and a complexing agent. 

52. An electroplating bath as set forth in claim 51 wherein 
the addition agent is a chemical selected from the group 
consistingof ED and EDIA. 

53. An electroplating bath for depositing a low-Me con- 
centration, oopper-Me alloy layer on the surface of a micro- 
electronic workpiece, where Me is a metal other than copper, 
the bath comprising: 

MeS04 as a source of the metal Me, the MeS04 being in 
the electroplating bath at a concentration between about 
KMOg/b 



CUSO4 as a source of copper, the CUSO4 being in the 
electroplating bath at a concentration between about 
5-20 g/1; 

(1^4)2804 as a complexing agent, the (NH4)2S04 being 
in the electroplating bath at a concentration between 
about 20-40 gft ; and 

NH4 OH as a pH adjuster, the (NH4)2S04 being in the 
electroplating bath at a concentration between about 
50-100 g/I. 

54. An electroplating bath as set forth in claim 53 wherein 
the MeS04 is ^S04. 

55. An electroplating bath as set forth in claim 53 vi^ierein 
Me in the MeS04 is selected from the group consisting of the 
zinc; aluminum, boron, magnesium, and cesium. 

56. An electroplating bath as set forth in claim 53 and 
fiuther comprising an addition agent that serves as both a 
wetting agent and a complexing agent. 

57. An electroplating bath as set forth in claim 56 wherein 
the addition agent is a chemical selected from the group 
consisting of £D and EDTA. 

58. An electroplating bath as set forth in claim 57 wherein 
the addition agent is present in the electroplating bath at a 
concentration that is between about 0.1-1 ml/1. 

59. An electroplating bath as set forth in claim 53 whereui 
the pH of the electroplating bath is about 11. 

* * * * * 
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(57) ABSTRACT 
This invention employs a novel approach to the copper 
metallization of a woikpiece, such as a semiconductor 
woikpieoe. In accordance with the invention, an alkaline 
electrolytic copper bath is used to electroplate copper onto 
a seed Uyer, electroplate copper directly onto a barrier layer 
material, or enhance an ultra-thin copper seed layer which 
has been deposited on the barrier layer using a deposition 
process such as PVD. The resulting copper layer provides an 
excellent confoimal cqpp^ coating that fills trenches^ vias, 
and other microstructures in the woriq)iece. When used for 
seed layer enhancement, the resultiiig copper seed layer 
provide an exoeUent confonnal copper coating that allows 
the microstructuies to be filled with a copper layer having 
good uniformity using electrochemical deposition tech- 
niques. Further, copper layers that are electroplated in the 
disclosed manner exhibit low sheet resistance and are 
readily annealed at low temperatures. 
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APPARATUS AND METHOD FOR 
ELECTROLYTICALLY DEPOSniNG COPPER ON 
A SEMICONDUCTOR WORKPDECE 

CROSS-REFERENCE TO RELAIED 
APPUCAHONS 

[0001] Not Applicable 

CTATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

BACKGROUND OF THE INVENTION 
[0003] In the fabrication of microelectronic devices, appli- 
cation of one or more metaUization layers is often an 
important step in the overall fabrication process. The met- 
allSation may be used in the formation of discrete micro- 
electronic components, such as read/write heads, but it is 
more often used to interconnect components formed on a 
woikpieoe, such as a semiconductor woikpiece. For 
example , such structures arc used to interconnect the devices 
of an integrated circuit. 

r00041 A basic understanding of certain terms used herein 
will assist the reader in understanding the disclosed subject 
matter. To this end, basic definitions of certain terms, as used 
in the present disclosure, are set forth below. 

[0005] Single Metallization Level is defined as a 
composite level of a woricpiece that is exterior to the 
substrate. The composite level comprises one or 
more metal structures. 
[OOOq Substrate is defined as a base layer of material 
over which one or more metallization levels are 
disposed. TTie substrate may be, for example, a 
semiconductor wafer, a ceramic block, etc. 

[0007] Workpiece is defined as an object that at least 
comprises a substrate, and may include further layers 
of material or manufactured components, such as 
one or more metallization levels, disposed on the 
substrate. 

[0008] An integrated circuit is an interconnected ensemble 
of devices formed within a semiconductor matenal and 
within a dielectric material that overUes a surface of the 
semiconductor. Devices which may be fonned within the 
semiconductor include MOS transistois, bipolar traiBistois, 
diodes and diffused resistors. Devices which may be formed 
within the dielectric inchide thin-fihn resistors arid cqpaor 
tors TVpically, more than 100 integrated circmt die 
chips) are constructed on a single 8 inch diameter sihcon 
w Jer TTie devices utilized in each dice are interconnected 
by conductor paths formed within the dielectric. Typically, 
two or more levels of conductor paths, with succe^ive 
levels separated by a dielectric layer, are employed as 
interconnections. In current practice, an aluminum alloy and 
siUcon oxide are typically used for, rc^ectively, the con- 
ductor and dielectric. 

[0009] Delays in propagation of electrical signals between 
devices on a single die limit !he performance of integrated 
circuits. More particularly, these delays limit the ^)eed at 
which an integrated circuit may process these electric^ 
signals. Larger propagation delays reduce the speed at which 



the integrated circuit may process the electncal signals, 
while smaller propagation delays mcrcase this speed. 
Accordingly, integrated circuit manufacturers seek ways m 
which to reduce the propagation delays. 
[0010] For each interconnect path, signal propagatiwi 
delay may be diaracterized by a time delay x See E. H. 
sJ^^Interconnect Technology, QMC, Inc., July 1993. An 
approximate expression for the time delay, x, as it relates to 
the transmission of a signal between transistors <m an 
integrated circuit is given below. 

[0011] In this equation, R and C are, respectively, an 
equivalent resistance and capacitance for the interconnect 
pith and W and Vs^ are, respectively, the saturaUon 
(maximum) current and the drain-to^ource potenUal at the 
onset of current saturation for the transistor that apphes a 
signal to the interconnect path. The path resistance is pro- 
portional to the resistivity, p, of the conductor matend. The 
path capacitance is proportional to the relative dielectnc 
permittivity, K., of the dielectric material. A small value of 
X requires that the interconnect line carry a current density 
sufficiently large to make the ratio VsArz/WsiO- smaU. It 
follows therefore, that a low-p conductor which can cany a 
high current density and a low-K, dielectric must be utilized 
in the manufacture of high-performance integrated arcmts. 
[0012] To meet the foregoing criterion, copper intercon- 
nect lines within a low-K, dielectric will likely replace 
aluminum-alloy lines within a silicon oxide dielectric as the 
most preferred interconnect structure. See "Copper Goes 
Main^ream: Low-k to Follow", SenaamdudoT Interm- 
Honah November 1997, pp. 67-70. Resistivities of copper 
films are in the range of 1.7 to 2.0 /iQan.; resistmt^ of 
ahiminum-alloy films are in the range of 3.0 to 35 f£}cm. 
[0013] Despite the advantageous properties of copper, it 
has not been as widely used as an interconnect matenal as 
one would expect. Tliis is due, at least in part, to tiie 
difficulty of depositing copper metallization and, further, due 
to the need for the presence of barrier layer materials. The 
need for a barrier layer arises from the tendency of copier 
to diflEuse into silicon junctions and alter the electncal 
characteristics of the semiconductor devices fonned m the 
substrate. Barrier layers made of, for example, titamum 
nitride, tantalum nitride, etc., must be laid over the sHicon 
junctions and any intervening layers pnor to depositmg a 
layer of copper to prevent such diffusion. 
[0014] A number of processes for applying copper metal- 
lization to semiconductor wodcpieces have been developed 
in recent years. One such process is chemical vapor depo- 
sition (CVD), in which a thin copper film is formed on the 
surface of the barrier layer by theraial decomposiUon and/or 
reaction of gas phase copper compositions. A CVD process 
can result in confonnal copper coverage over a vanety ot 
topological profiles, but such processes are expensive when 
used to implement an entire metallization layer. 
[0015] Another known technique, physical vapor deposi- 
tion (PVD), can readily deposit copper on die barrier layer 
with relatively good adhesion when compared to CVD 
processes. One disadvantage of PVD processes, however, is 
that they result in poor (non^onfonnal) step coverage when 
used to fiU miciostmcturcs, such as vias and trenches, 
disposed in the surface of the semiconductor workpiece. For 
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example, sudi non-conformal coverage results in less cop- 
per deposition at the bottom and especially on the sidewalk 
of trenches in the semiconductor devices. 
[0016] Inadequate deposition of a PVD copper layer into 
a trench to foim an interconnect line in the plane of a 
metallization layer is illustrated in FIG. 1. As illustrated, die 
upper portion of the trench is effectively "pinched oflT 
before an adequate amount of copper has been deposited 
within the tower portions of the trench. This result in an open 
void region that seriously impacts the ability of the metal- 
lization line to carry the electrical signals for which it was 
designed. 

[0017] Electrochemical deposition of copper has been 
found to provide the most cost-effective manner in which to 
deposit a copper metallization layer. In addition to being 
economically viable, such deposition techniques provide 
substantially confonnal copper fihns that are medianically 
and electrically suitable for interconnect structures. These 
techniques, however, are generally only suitable for apply- 
ing copper to an electrically conductive layer. As such, an 
underiying conductive seed layer is generally applied to the 
workpiece before it is subject to an electrochemical depo- 
sition process. Techniques for electrodeposition of copper on 
a barrier layer material have not heretofore been commer- 
cially viable. 

[0018] The present inventors have recognized that there 
exists a need to provide copper metallization processing 
techniques that 1) provide confonnal copper coverage with 
adequate adhesion to the barrier layer, 2) provide adequate 
deposition speeds, and 3) are commercially viable. These 
needs are met by the apparatus and processes of the present 
invention as described below. 

BRIEF SUMMARY OF THE INVENTION 

[0019] This invention employs a novel approach to the 
copper metallization of a workpiece, such as a semiconduc- 
tor workpiece. In accordance with the invention, an alkaline 
elertrolytic copper bath is used to electroplate copper onto 
a seed layer, electroplate copper direcdy onto a barrier layer 
material, or enhance an ultra-thin copper seed layer which 
has been deposited on the barrier layer using a deposition 
process such as PVD. The resulting copper layer provides an 
excellent conformal copper coating that fills trenches, vias, 
and other microstructures in the woricpiece. When used for 
seed layer enhancement, the resulting copper seed layer 
provide an excellent conformal copper coating that allows 
the microstructures to be filled with a copper layer having 
good uniformity using electrochemical deposition tech- 
niques. Further, copper layers that are electroplated in the 
disclosed manner exhibit low sheet resistance and are 
leadily annealed at low temperatures. 
[0020] The disclosed process, as noted above, is appli- 
cable to a wide range of steps used in the manufacture of a 
metallization layer in a workpiece. The workpiece may, for 
example, be a semiconductor workpiece that is processed to 
form integrated circuits or other microelectronic compo- 
nents. Without limitation as to the applicability of the 
disclosed invention, a process for enhancing a seed layer is 
described. 

[0021] Aprocess for applying a metallization interconnect 
structure to a workpiece having a barrier layer deposited on 



a surface thereof is also set forth. The process includes the 
forming of an ultra-thin metal seed layer on the barrier layer. 
The ultra-thin seed layer has a thickness of less than or equal 
to about 500 Angistroms and may be formed from any 
material that can serve as a seed layer for subsequent metal 
deposition. Such metals inchide, for example, copper, cop- 
per alloys, aluminum, aluminum alloys, nickel, nickel 
alloys, etc. The ultra-thin seed layer is then enhanced by 
depositing additional metal thereon in a separate deposition 
step to provide an enhanced seed layer that is suitable for use 
in a primary metal depositron. The enhanced seed layer has 
a thickness at all points on sidewalk of substantially all 
recessed features distributed within the worlq)iece that is 
equal to or greater than about 10% of the nominal seed layer 
thickness over an exterioriy disposed surfece of the work- 
piece. 

[0022] In accordance with a specific embodiment of the 
process, a copper-containing metallization interconnect 
structure is formed. To this end, the ultra-thin seed layer is 
enhanced by subjecting the semiconductor workpiece to an 
electrochemical copper deposition process in which an alka- 
line bath having a complexing agent is employed. Tbe 
copper complexing agent may be at least one complexing 
agent selected from a group consisting of EDTA, ED, and a 
polycarboxylic acid such as citric add or salts thereof. 

[0023] Various plating bath compositions suitable for 
blanket plating, fill-plating of recessed micro-structures, and 
seed layer enhancement plating are also set forth. A pre- 
ferred solution for electroplating copper for seed layer 
enhancement comprises copper sulfate, boric acid, and a 
complexing agent. The complexing agent is preferably 
selected from the group consisting of ED, EDTA, and a 
polycarboxyUc add, such as citric add. This solution is also 
suitable for blanket plating and fill-plating of recessed 
micro-structures. 

[0024] A plating solution that improves the resistivity of 
the icsulling copper fihn is also set forth. The plating 
solution preferably comprises copper sulfate, ammonium 
sulfiite, and ethylene glycol. This sohition is also suitable for 
blanket plating and fill-plating of recessed micro-structures. 

BRIEF DESCRDPnON OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0025] FIG- 1 is a cross-sectional view illustrating an 
interconnect line formed completely by PVD copper. 

[0026] FIGS. 2A-2E are cioss-sectional views through a 
semiconductor workpiece ilhistratiiig the various layers of 
material as they are applied in accordance with one embodi- 
ment of the present invention. 

[0027] FIG. 3 is a schematic representation of an appa- 
ratus suitable for enhancing an ultra-thin seed kycr. 
[0028] FIG. 4A is a graph illustrating the current-potential 
curves of a plating solution using a polycarboxylic acid, 
such as dtric add, as a complexing agent. 
[0029] FIG. 4B a graph illustrating the current-potential 
curves of a plating solution using EDTA, an amine-oontain- 
ing plating sohition, as the complexing agent. 
[0030] FIG. 4C is a graph of sheet resistance change with 
annealing temperature for copper films deposited from a 
bath solution with and without ammonium sulfate. 
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[0031] FIG. 4D is a graph iUustrating plating solution 
conductivity as a function of ethylene glycol concentration 
in collating solutions with and without anunomum sulfate. 
[0032] FIG. 5 is a scanning eletromiciogniph photograph 
illustrating an ultra-thin seed layer. 
[0033] FIG. 6A is a scanning eletromictograph photo- 
graph illustrating an ultra-thin seed layer that has been 
enhanced in a citric acid bath. 

[0034] FIG. 6B is a scanning eletromicrograph photo- 
graph iUustrating an ultra-thin seed layer that has been 
enhanced in an EDTAbath. 

[0035] FIG. 7 is a schematic representation of a section of 
a semiconductor manufacturing line suitable for implement- 
ing the disclosed seed layer enhancement steps. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] This invention employs a novel approadi to apply- 
ing copper metallization to a woikpiece, such as a semicon- 
ductor workpiece. In accordance with the invention, an 
alkaline electrolytic copper bath is used to electroplate 
ccCT« onto a seed layer, electroplate copper directly onto a 
barrier layer material, or enhance an ultra-thin copper seed 
layer which has been deposited on the barrier layer using a 
deposition process such as PVD. Additionally, a method for 
applying a metallization layer wiU be disclosed. Although 
the disclosed method may be used in connection with a 
substantial number of different metal compositions, the 
specific embodiment disclosed herein is directed to the 
application of a copper-containing metallization layer. To 
this end, an alkaline electrolytic copper bath is used to 
enhance an ultra-thin copper seed layer vfbach has been 
deposited on a barrier kyer using a depoation process such 
as PVD. Hie enhanced copper seed layer provides an 
excellent conformal copper coating that allows trenches and 
vias to be subsequently filled with a copper layer having 
good uniformity using electrochemical deposition tech- 
niques. 

[0037] A cross-sectional view of a micro-structure, such as 
trench 5, that is to be filled with copper metallization is 
iUustrated in FIG. 2Aand will be used to describe the seed 
layer enhancement aj^ects of the present invention. As 
shown, a thin barrier layer 10 of, for example, titanium 
nitride or tantalum nitride is deposited over the surface of a 
semiconductor device or, as iUustrated in FIG. 2A, over a 
layer of a dielectric 8, such as silicon dioxide. The barrier 
layer 10 acts to prevent the migration of copper to any 
semiconductor device formed in the substrate. Any of the 
various known techniques, such as CVD or PVD, can be 
used to deposit the barrier layer depending on the particular 
barrier material beiiig used. Preferably, the thidmess for the 
barrier layer is approximately 100 to 300 Angstroms. 

[0038] After the deposition of the barrier layer, an ultra- 
thin copper seed layer 15 is deposited on the barrier layer 10. 
The resulting structure is iUustrated in FIG. 2B. Preferably, 
the copper seed layer 15 is formed using a vapor deposition 
technique, such as CVD or PVD. In order to have adequate 
adheaon and copper coverage, a relatively thick (1000 
Angstroms) copper seed layer is usually required. Such a 
thick seed layer leads to problems with close-off of smaU 



geometry trenctes, however, when a PVD deposition pro- 
cess is employed for applying the seed layer. 
[0039] Contrary to traditional thoughts regarding seed 
layer application, the copper seed layer 15 of the iUustrated 
embodiment is ultra-thin, having a thickness of about 50 to 
about 500 Angstroms, preferably about 100 to about 250 
Angstroms, and most preferably about 200 Angstroms. The 
ultra-thin copper seed layer can be depoated using a CVD 
or a PVD process, or a combination of both. PVD is the 
preferred application process, however, because it can 
readily deposit copper on the barrier layer 10 with relatively 
good adhesion. By depositing an ultra-thin seed layer of 
copper, rather than the relatively thick seed layer iKed m the 
prior art, pinching off of the trenches can be avoided. 
[0040] The use of an ultra-thin seed layer 15 generaUy 
introduces its own set of problems. One of the most signifi- 
cant of these problems is the fact that such ultra-thin layers 
do not gienerally coat the barrier layer 10 in a uniform 
manner. Rather, voids or non-continuous seed layer regions 
on the sidewalls, such as at 20, arc often present m an 
ultra-thin seed layer 15 thereby resulting in the inabUity to 
properly apply a subsequent electrochemicaUy deposited 
copper layer in the regions 20, Further, ultra-thin seed layers 
tend to inchide spikes, sudi as at 21, that impact the 
uniformity of the subsequent electrolyticaUy deposited 
metal layer. Such ^ikes 21 result in high potential regions 
at vAddti the copper dcpoats at a higher rale than at other, 
more level regions. As such, the seed layer 15 is not fuUy 
suitable for the traditional electroplating tedmiques typi- 
cally used after application of a seed layer. 
[0041] The present inventors have found that an ultra-thin 
seed layer can be employed if it is combined with a 
subsequent electrochemical seed layer enhancement tech- 
nique. To this end, the semiconductor workpiece is subject 
to a subsequent process step in which a fiirther amount of 
copper 18 is appHed to the ultra-thin seed layer to thereby 
enhance the seed layer. A seed layer enhanced by the 
additional deposition of copper is iUustrated in FIG. 2C. As 
shown in FIG. 2C, the void or non-continuous regions 20 of 
FIG. 2B have been filled thereby leaving substantiaUy all of 
the barrier layer 10 covered with copper. 
[0042] Preferably, the seed layer enhancement process 
continues untU a sidewaU step coverage, i.e., the ratio of the 
seed layer thickness at the bottom sidewall regions 22 to the 
nominal thickness of the seed layer at the exteriorly ^spos^ 
side 23 of the woriq)iece, achieves a value of at least 10%. 
More preferably, the sidewall step coverage is at least about 
20%. Such sidewaU step coverage vahies are present in 
substantiaUy aU of the recessed structures of the semicon- 
ductor workpiece. It wiU be recognized, however, that 
certain recessed structures distributed within the semicon- 
ductor workpiece may not reach these sidewaU step cover- 
age values. For example, such structures di^sed at the 
peripheral edges of a semiconductor wafer may not readi 
these step coverage values. Similarly, defects or contami- 
nants at the situs of cerUin recessed stmctures may prevent 
them fi-om reaching the desired coverage values. The nomi- 
nal thickness of the enhanced seed layer at the exteriorly 
disposed side of the workpiece is preferably in the range of 
500 angstroms 1600 angstroms. 

[0043] Although the embodiment of the process disclosed 
herein is described in connection with copper metallization, 
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it is understood that the basic principle of the enhancement 
of an ultra-thin seed layer prior to the bulk deposition thereof 
can be appUed to other metals or alloys that are capable of 
being electroplated. Such metals include iron, nickel, cobalt, 
zinc, copper-zdnc, nicfcel-iron, cobalt-iron, etc. 
[0044] A schematic representation of an apparatus 25 
suiUble for enhancing the ultra-thin copper seed layer is 
ilhistrated in FIG. 3. It will be recognized that this apparatus 
is also suitable for applying a blanket plating layer and/or 
full-fill plating of recessed micro-structures As shown, a 
semiconductor worlq)i6ce, such as a semiconductor wafer 
30, is positioned face down in a bath 35 of electroplating 
solution. One or more conUcts 40 are provided to connect 
the wafer 30 to a plating power supply 45 as a cathode of an 
electroplating cell. An anode 50 is disposed in the bath 35 
and is crainected to the plating power supply 45. Preferably, 
a difi&iser 55 is disposed between the anode 50 and the 
wafer/cathode 30. Hie wafer 30 may be rotated about axis 60 
during the enhancement process. Anode 50 may be provided 
with a dielectric shield 65 at a backside thereof which faces 
an incoming stream of plating bath fluid. 
[0045] As noted above, certain a^cts of the present 
invention relate to new and useful plating solutions. These 
solutions can be used for blanket plating, full-fill of the 
recessed micio-structures, seed layer enhancement, etc. The 
preferred electrolytic bath solution for enhancing the seed 
layer is an alkaline copper bath in which copper ions are 
complexed with a complexing agent. A preferred composi- 
tion and range of concentrations for the vanous components 
of the plating bath include the following: 

[0046] 1. Copper sulfate: 0.03M to 0.25M (prefer- 
ably, 0.04); 

[0047] 2. Complexing agent: complex to metal ratios 

from 1 to 4, preferably 2; 
[0048] 3. Boric add: O.OIM to 0.5M, preferably 

0.Q5M; and 
[0049] 4. pH: 5-13, preferably 9.5. 
[0050] A piefenred source of copper ions is copper sulfate 
(CuSOJ. The concentration of copper sulfate in the bath is 
preferably within the range of 0.03 to 0.25 M, and is more 
preferably about 0.1 M. 

[0051] Complexing agents that are suitable for use in the 
present invention form a stable complex with copper ions 
and prevent the precipitation of copper hydroxide. Ethylene 
diamine tetracetic acid ^DTA), ethylene diamine (ED), 
citric acid, and their salts have been found to be particularly 
suitable copper complexing agpnts. The molar ratio of 
complexing agent to copper sulfate in the bath is preferably 
within the range of 1 to 4, and is preferably about 2. Such 
complexing agents can be used alone, in combination vnth 
one another, or in combination with one or more further 
complexing agents. 

[0052] The electrolytic bath is preferably maintained at a 
pH of at least 9.0. Potassium hydroxide, ammonium hydrox- 
ide, tetramethylammonium hydroxide, or sodium hydroxide 
is utilized to adjust and maintain the pH at the desired level 
of 9.0 or above. A preferred pH for a citric acid or ED bath 
is about 9.5, whfle a preferred pH for an EDTAbath is about 
125. As noted above, the complexing agpnt assists in 
preventing the copper from precq)italing at the high pH 
level. 



[0053] Additional components can be added to the alka- 
line copper bath. For example, boric acid (H3BO3) aids m 
maintaining the pH at 95 when citric acid or ED is used as 
the complexing agent, and provides brighter copper deposits 
when added to an electrolytic bath containing EDTA as the 
complexing agent. If boric add is added, its concentration m 
the bath is preferably within the range of 0.01 to 0.5 M. 

[0054] In general, the temperature of the bath can be 
within the range of 20 to 35« C, with 25" C being a 
preferred temperature. The current density for electrolyti- 
cally depositing copper to enhance the copper seed layer can 
be 1 to 5 miUiamps/cm^, while a plating time of about 1 to 
about 5 minutes is sufficient to enhance the copper seed 
layer. The plating waveform may be, for example, a forward 
periodic pulse having a period of 2 msec at a 50% duty 
cycle. 

[0055] An amine free acid complexing agent, for example, 
a polycarboxylic acid, such as dtric acid, and salts thereof, 
is preferable to the use of EDTA or ED. EDTA and ED 
include amine groups. These amine groups often remam on 
the surface of the semiconductor workpiece after rinsing and 
drying of the wafer. Subsequent processes, particularly sa<h 
processes as photolithographic processes, may be corrupted 
by the reactions resulting from the presence of these amine 
groups. The amine groups may, for example, interfere with 
the chemical reactions associated with the exposing and/or 
curing of photoresist materials. As such, amine firee com- 
plexing agents are particularly suitable in processes m whidi 
a photoUthograpMc process foUows an electrodeposition 
process. 

[0056] Afurther advantage ofusing a polycarboxyUc acid, 
such as dtric acid, stems from the fact that the magnitude of 
the voltage potential al which the copper is plated is greater 
than the magnitude of the voltage potential at which the 
copper is plated in a bath containing EDTA. This is illus- 
trated in FIGS. 4A and 4B where FIG. 4A is a current- 
potential graph for a dtric add bath, and FIG. 4B is a 
current-potential graph for an EDTA bath. Electroplating 
takes place at the voltage where the corresponding current 
increases abruptly. This plating voltage is referred to as the 
deposition potential, which is approximately -1.25 volts as 
shown in FIG. 4A for a bath employing dtric aad as the 
complexing agent, and is approximately -1.0 volts as shown 
in FIG. 4B for a bath employing EDTA as the complexmg 
agent. The current peaks (TOTff for the a bath containing a 
dtric add, and 72, 72' for the bath containing the EDTA) are 
the limiting currents which are mainly determined by mass 
transfer and the concentration of copper ions in the plating 
solutions. As illustrated, the magnitude of the current and the 
particular plating potential is slightly dependent on the 
substrate material. The different substrate results are illus- 
trated in FIGS, 4A and 4B, where 70 and 72 are the curves 
for a copper substrate material, and 70* and 72' are curves for 
a copper subsUate material comprised of copper with a 
copper oxide coating. It is noted that additional peaks occur 
on oxidized copper in the same electrolytes. Ttese peaks are 
related to the electrochemical reduction of copper oxide to 
metallic copper before the alkaline electrochemical copper 
deposition. 

[0057] It is believed that a copper layer plated at a higher 
plating potential in an alkaline bath provides greater adhe- 
sion to the underlying barrier layer than a copper layer plated 
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at a lower plating potential in an acid bath. For copper to 
adhere to the barrier material, it is thought that copper ions 
must impinge on the barrier surface with sufficient energy to 
penetrate a thin oxidized or contaminated layer at the barrier 
surface. It is therefore believed that a copper layer deposited 
at a higher magnitude plating potential adhere is better to the 
exposed barrier layer during the plating process when com- 
pared to a layer plated using a smaller magnitude plating 
potential. This &ctor, combined with the inter-copper 
chemical bond between the PVD copper and the electro- 
cbemically deposited copper provides for an enhanced seed 
layer having excellent electrical as well as barrier adhesion 
properties. Sudi characteristics are also desirable for fikas 
used in blanket plating, full-fill plating, pattern plating, etc. 

[0058] It has been found that the resistivity of tbe depos- 
ited copper fihn is direcUy related to the resistivity of the 
plating bath solution. Additives that assist in lowering the 
resistivity of the solution therefore provide a corresponding 
reduction in the resistivity of the deposited film. 

[0059] Experimental results indicate that addition of 
ammonium sulfate significantly reduces the resistivity of the 
plating bath solution and, as such, the deposited fihn. The 
sheet resistance obtained for different amounts of ammo- 
nium sulfate are compared in the graph FIG- 4C. As can be 
seen, the highest sheet resistance, either with or without 
annealing at high temperatures, was obtained in the bath 
containing no ammonium sulfate. If ammonium hydroxide 
was used to adjust pH in which a trace amount of ammonhun 
sulfate is introduced to the bath, the sheet resistance was 
reduced from 76 to 23. As the concentration of ammonium 
sulfate increased from 0.1 M to 0.5 M, the sheet resistance 
continuously decreased in a corresponding manner. 

[0060] Although aounonhim sulfate assists in reducing the 
sheet resistance of the deposited copper layer, experimental 
results indicate that it reduces the conformality of the 
resulting copper film. However, the addition of ethylene 
glycol to the ammonium sulfate containing solution sub- 
stantially inaeases the oonfi)rmality of the resulting deposit. 
FIG. 4D illustrates the rektionship between the concentra- 
tion of ethylene glycol and the conductivity of a plating 
solution containing 0.2M the of ammonium sulfate. 
[0061] A preferred composition and range of concentra- 
tions for the various components of a plating bath having 
ammonium sul&te inchide the following: 

[0062] 1. Copper sulfate: 0.03M to 0.5M (preferably, 
0.25M); 

[0063] 2. Complexing agent: complex to metal ratios 
from 1 to 4, preferably 2 using ED; 

[0064] 3. Ammonium sulfate: O.OIM to 0.5M, prefer- 
ably 03M; and 
[0065] 4. Boric acid: 0.00 to 0.5M, preferably 0.2M. 

l0O6€\ As noted above, such a bath composition can be 
used for blanket plating, pattern plating, fiill-fill plating, and 

seed layer enhancement. 

[0067] With reference again to the ^>ecific seed layer 
enhanced aspects of the present invention, the enhanced seed 
layer of FIG. 2C is suiUble for subsequent electrochemical 
copper deposition. This subsequent copper deposition may 
take place in an alkaline bath within the apparatus employed 



to enhance the seed layer. This may be followed by a 
low-temperature annealing process that assists in lowering 
the resistivity of the deposited copper. Such a low-tempera- 
ture annealing process preferably takes place at a tempera- 
ture below about the 250 degrees Celsius and, more pref- 
erably, below about 100 degrees Celsius. When a low-K 
dielectric material is employed to isolate the copper struc- 
tures, the upper annealing temperature limit should be 
chosen to be below the degradation temperature of the 
dielectric material. 

[0068] Although the foregoing alkaline bath con^wsitions 
may be used for the entire electrodiemical deposition pro- 
cess, subsequent copper deposition may take place in an acid 
environment where plating rates are substantially higher 
than corresponding rates associated with alkaline plating 
baths. To this end, the semiconductor woilqiieoe is prefer- 
ably transferred to an apparatus wherein the workpiece is 
thoroughly rinsed with deionized water and then transferred 
to an apparatus similar to that of FIG. 3 wherein the plating 
bath is acidic. For example, one suitable copper bath com- 
prises 170 g/1 H2SO4, 17 g/1 copper and 70 ppm Chloride 
ions with organic additives. The organic additives are not 
absolutely necessary to the plating reaction. Rather, the 
organic additives may be used to produce desired film 
characteristics and provide better filling of the recessed 
stiuctuies on the wafer surface. The organic additives may 
include levelers, brighteners, wetting agents and ductility 
enhancers. It is during this deposition process that the trendi 
5 is substantially filled with a further layer of electrochemi- 
cally deposited copper 22. The resulting filled CTOss-section 
is illustrated in FIG. 2D. After being filled in this manner, 
the barrier layer and the copper layers disposed above the 
trench are removed using any suitable process thereby 
leaving only the trench 5 with the copper metallization and 
associated barrier material as shown in FIG. 2E. 

[0069] Use of an alkaline electrolytic bath to enhance the 
copper seed layer has particular advantages over utilizing 
add copper baths without seed layer enhancement After 
deposition of the PVD copper seed Uyer, the copper seed 
layer is typically ejqwsed to an oxygen-containing environ- 
ment. Oxygen readily converts metallic copper to copper 
oxide. If an acid copper bath is used to plate copper onto the 
seed layer after exposure of the seed layer to an oxygen 
containing environment, the acid copper bath would dis- 
solve copper oxide that had formed, resulting in voids in the 
seed layer and poor uniformity of the copper layer deposited 
on the seed layer. Use of an alkaline copper bath in accor- 
dance with the disclosed embodiment avoids the problem by 
advantageously reducing any copper oxide at the surface of 
the seed layer to metallic copper. Another advantage of the 
alkaline copper bath is tiiat the plated copper has much better 
adhesion to the barrier layer than that plated from an acid 
copper bath. Additional advantages of the seed layer 
enhancement aspects of the present invention can be seen 
from the following Example. 

EXAMPLE 1 

[0070] Cbmparison of Acid Copper Plating with and with- 
out Seed Layer Enhancement 

[0071] Semiconductor wafers 1,2 and 3 were each coaled 
with a 200 Angstrom PVD copper seed layer. In accordance 
with the present invention, wafers 1 and 2 had seed layer 
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enhancement from citric acid and EDTAbaths, respectively, 
the compositions of which are set forth below: 

[0072] Bath for Wafer 1: 0.1 M Cu SO4+O.2 M Citric 
acid+0.05 M H3BO3 in D.I. water at pH 95, tempera- 
ture 25** C. 

[0073] Bath for Wafer 2: 0.1 M Cu SO4+O.2 M EDTA 
add+O^OS H3BO3 in D J. water at pH 12.5, temperature 
25" C. 

[0074] Wafer 3 did not have any seed layer enhance- 
ment. 

[0075] The three wafers were then plated with a 1.5 
micron copper layer from an acid copper bath under iden- 
tical conditions. The following Table compares the unifor- 
mities, as deduced from sheet resistance measurements, of 
the three wafers after the deposition of a copper layer having 
a nominal thidmcss of 1.5 microns. 



TABLE 1 



Enhasoeinciit 
yfaSst Bath 


Cairent 
Demity 


NoD-unifonnity 
Standard deviation 
(%.lo) 


1 Citrate 


3 min. at 


7.321 




2 mA/cm^ 




2 EDIA 


3 min. at 


6.233 


2 mA/cm^ 




3 None 


0 


46.10 



[0076] As can be seen from the results in TMe 1 above, 
seed layer enhancement in accordance with the disclosed 
process provides excellent uniformity (6 to 7%) compared to 
that without seed layer enhancement (46%). This is consis- 
tent with observations during visual examination of the 
wafer after 1.5 micron electroplated copper had been depos- 
ited. Such visual examination of the wafer revealed the 
presence of defects at wafer electrode contact points on the 
wafer without seed layer enhancement. 
[0077] FIGS. 5, 6A and 6B are photographs taken using a 
SEM. In FIG. 5, an ultra-thin seed layer has been deposited 
on the surface of a semiconductor wafer, including micro- 
structures, sudi as trenches 85. As shown, void regions are 
present at the lower comers of the trenches. In FIG. 6A, the 
seed layer has been enhanced in the manner described above 
in a bath containing citric acid as the complexing agent. This 
enhancement resulted in a confijrmal copper seed layer that 
is very suited for subsequent electrochemical deposition of 
copper metallization. 

[0078] FIG. 6B illustrates a seed layer that has been 
enhanced in a bath containing EDTA as the complexing 
agent. The resulting seed layer includes larger grain sizes 
that project as spikes from the sidewalls of the trenches. 
These sidewall grain projections make subsequent electro- 
chemical deposition filling of the trenches more difficult 
since they localize a higher plating rate resulting in non- 
uniformity of the subsequent electrochemical deposition. 
This effect is particularly noticeable in recessed micro- 
structures having small dimensions. As such, a complexing 
agpnt such as citric acid is more preferable when filling 
small micro-structures. Results comparable for copper baths 
containing citric add have also been achieved usmg ED as 
the complexing agent 



[0079] FIG. 7 is a schematic representation of a section of 
a semiconductor manufacturing line 90 suitable for imple- 
menting the foregoing processes. The line 90 includes a 
vapor deposition tool or tool set 95 and an electrochemical 
copper deposition tool or tool set 100. Transfer of wafers 
between the tools/tool sets 95 and 100 may be implemented 
manually or through an automated transfer mechanism 105. 
Preferably, automated transfer medianism 105 transfers 
woikpieces in a pod or similar environment. Alternatively, 
the transfer mechanism 105 may transfer wafers individually 
or in an open carrier through a clean atmosphere joining the 
toolsAool sets. 

[0080] In operation, vapor deposition toolAool set 95 is 
utilized to apply an ultra-thin copper seed layer over at least 
portions of semiconductor workpieces that are proce^ on 
line 90. Preferably, this is done using a PVD application 
process. Workpieces with the ultra-thin seed layer are then 
transferred to tooVtool set 100, either individually or in 
batches, where they are subject to electrochemical seed layer 
enhancement at, for example, processing station 110. Pro- 
cessing station 110 may be constructed in the manner set 
forth in FIG. 3. After enhancement is completed, the work- 
pieces are subject to a fiiU electrochemical deposition pro- 
cess in which copper metallization is applied to the work- 
piece to a desired interconnect metallization thickness. This 
latter process may take place at station 110, but preferably 
occuis at further processing station 115 which deposits the 
copper metallization in the presence of an acidic plating 
bath. Before transfer to station 115, the workpiece is pref- 
erably rinsed in DI water at station 112. Transfer of the 
wafers between stations UO, 112, and U5 may be automated 
by a wafer conveying system 120. The electrochemical 
deposition tool set 100 may be implemented using, for 
example, an LT-210™ model or an Equinox™ model plating 
tool available from Semitool, Inc., of Kalispell, Mont. 
[0081] Numerous modifications may be made to the fore- 
going system without departing from the basic teachi^ 
thereof. Although the present invention has been described 
in substantial detail with reference to one or more qiedfic 
embodiments, those of skill in the art will recognize that 
changes may be made thereto without departing from the 
scope and spirit of the invention as set forth in the appended 
claims. 

1. Aprocess for applying a metal structure to a workpiece 
comprising the step of electroplating a copper layer onto a 
surface of the worfcpiece using an electroplating bath com- 
prising copper sulfate, ammonium sulfate, a completing 
agent, and ethylene glycol. 

2. Aprocess as set forth in claim 1 wherein the electro- 
plating bath further comprises boric add. 

3. Aprocess as set forth in claim 2 wherein the complex- 
ing agent is selected from the group consisting of ED, 
EDTA, and a polycarboxylic add 

4. Aprocess for applying a metal structure to a worlqpiece 
comprising the step of electroplating a copper layer onto a 
surface of the wori5)iece using an electroplating bath com- 
prising copper sulfate, boric add, and a complexing agent. 

5. A process as set forth in claim 4 wherein the complex- 
ing agent is selected from the group conasting of ED, 
EDTA, and a polycarboxylic add. 

6. A process as set forth in claim 4 wherein the complex- 
ing agent is dtric acid. 
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7. A process for applying a metaUizatioD inlerconiiect 
structure to a woriq>ieoe, the worlqpiece including a barrier 
layer deposited on a surface thereof, the process comprising 
the steps of: 

(a) forming an ultra-thin metal seed layer on the barrier 
layer, the seed layer having a thickness of less than or 
equal to about 500 Angstroms; 

(b) enhancing the ultra-thin seed layer by depositing 
additional metal to provide an enhanced seed layer, the 
enhanced seed layer having a thickness at all points on 
sidewalls of substantially all recessed features distrib- 
uted within the woikpiece that is equal to or greater 
than about 10% of the nominal seed layer thickness 
over an exteriorly disposed surface of the woikpiece. 

8. The process of claim 7 wherein the additional metal is 
copper. 

9. The process of claim 7 wherein the ultra-thin seed layer 
is enhanced by a process comprising an electrochemical 
deposition step. 

10. The process of claim 9 wherein the electrochemical 
deposition step occurs in an alkaline bath. 

U. The process of daim 10 wherein the alkaline bath 
comprises metal ions and an agent eflEective in oomplexing 
the metal ions. 

12. The process of claim 7 wherein the ultra-thin metal 
seed layer formed in step (a) is formed by physical vapor 
deposition. 

13. The process of claim 7 wherein the ultra-thin metal 
seed layer formed in step (a) has a thickness of about 50 to 
about 500 Angstroms. 

14. The process of claim 13 wherein the ultra-thin metal 
layer formed in step (a) has a thidcness of about 100 to about 
250 Apgstroms. 

15. The process of claim 7 wherein the complexing agent 
is comprised of one or more complexing agents selected 
finom EDTA, ED, and polycarboxylic add. 

16. The process of claim 17 wherein the completing agent 
is comprised of EDTA and the EDTA in the bath has a 
concentration within the range of 0.03 to 1.0 M. 

17. The process of claim 15 wherein the complexing agent 
is comprised of ED and wherein the ED in the electrolytic 
bath has a concentration within the range of 0.03 to 1.0 M. 

18. The process of claim 16 wherein the complexing agent 
is comprised of EDTA and the EDTA has a conoentratioD 
within the range of 0.1 to 0.4 M. 

19. The process of claim 15 wherein the complexing agent 
is comprised of citric acid and the citric add in the bath has 
a concentration within the range of 0.03 to 1.0 M. 

20. Hie process of claim 10 and further comprising the 
step of subjecting the wor]q>iece to a further electrochemical 
deposition process in an addic electrolytic solution to com- 
plete deposition of the metal to a thickness needed for the 
formation of the inteiconnect structure. 

21. The process of claim 20 and further comprising the 
step of subjecting the woikpiece to a rinsing process after 
electrochemical deposition in the outline bath and prior to 
the further electrochemical copper deposition process in an 
addic electrolytic solution. 

22. In a manufacturing line including a plurality of 
apparatus for the manu&ctuie of integrated circuits, one or 
more apparatus of the plurality of i^aratus beii^ used for 
applying a copper metallization interconnect structure to a 



surface of a woilq>iece used to form the integrated circuits^ 
the one or more apparatus comprising: 

means for applying a conductive ultra-thin seed layer to a 
surface of the woikpiece; 

means for electrochemically enhancing the conductive 
ultra-thin seed layer to render it suitable for subsequent 
electrodiemical application of the copper interconnect 
metallization to a predetermined thiclmess representing 
a bulk portion of the copper interconnect metallization 
structure. 

23. One or more apparatus as claimed in claim 22 wherein 
the means for applying is further defined by means for 
applying a conductive ultra-thin copper seed layer to a 
barrier layer surface of the workpiece. 

24. One or more apparatus as claimed in claim 22 wherein 
the means for applying is further defined by means for 
applying a conductive ultra-thin copper seed layer to a 
barrier layer surface of the workpiece using a PVD process. 

25. One or more aq[»paratus as claimed in cUim 22 wherein 
the means for applying is fiuther defined by means for 
applying a conductive ultra-thin copper seed layer to a 
barrier layer surface of the workpiece using a CVD process. 

26. One or more apparatus as claimed in claim 23 wherein 
the means for electrochemically enhancing the conductive 
ultra-thin seed layer is foither defined by means for elec- 
trodiemicaUy enhancing the conductive ultra-thin seed layer 
by electrochemically depositing copper using an alkaline 
copper bath having a complexing agent. 

27. One or more apparatus as claimed in claim 26 wherein 
the electrochemical enhancement of the ultra-thin seed layer 
takes place at a plating voltage having a magnitude that is at 
least about or greater than 1.1 volts. 

28. One or more apparatus as claimed in claim 26 wherein 
the alkaline bath has a pH > or equal to about 9.0. 

29. One or more apparatus as claimed in claim 26 wherein 
the complexing agent is comprised of EDTA. 

30. One or more apparatus as claimed in claim 26 wherein 
the complexing agent is comprised of ED. 

31. One or more apparatus as claimed in claim 26 wherein 
the complexing agient is a comprised of a caiboxylic add or 
salttbereol 

32. One or more apparatus as claimed in claim 31 wherein 
the complexing agent is dtric add or salt thereof. 

33. One or more apparatus as claimed in claim 26 aiKl 
further comprising means for electrochemically adding a 
fiirther layer of copper over the conductive ultra-thin seed 
layer by electrocheinically depositing copper using an acidic 
copper bath. 

34. One or more apparatus as claimed in claim 33 wherein 
the electrochemical enhancement of the ultra-thin seed layer 
takes place at a plating voltage having a magnitude that is 
greater than the magnitude of the plating voltage in the 
addic copper bath. 

35. One or more apparatus as claimed in claim 34 and 
fiirther comprising means for rinsing the workpiece prior to 
its introduction to the means for electrochemically adding a 
further layer of copper. 

36. A process for applying a metallization interconnect 
stracture to a woikpiece, the workpiece including a barrier 
layer deposited on a surface thereof, the process comprising 
the steps of: 
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(a) forming an ultra-thin naetal seed layer on the barrier 
layer, the seed layer having a thickness of less than or 
equal to about 500 Ang^stioms; 

(b) subjecting the woikpiece to an electiochemical copper 
deposition process in an alkaline electrolytic bath hav- 
ing copper ions complexed with a complexing agent 
such that additional copper is deposited on the ultra- 
thin copper seed layer to therd)y enhance the seed 
layer. 

37. The process of claim 36 wherein the ultra-thin metal 
seed layer formed in step (a) is formed by physical vapor 
deposition. 

38. The process of claim 36 wherein the ultra-thin seed 
layer formed in step (a) has a thickness of about 50 to about 
500 Angstroms. 

39. The process of claim 38 wherein the ultra-thin seed 
layer formed in step (a) has a thickness of about 100 to about 
250 Angstroms. 

40. The process of claim 39 wherein the ultra-thin seed 
layer formed in step (a) has a tMdmess of about 200 
Angstroms. 

41. The process of claim 36 wherein the alkaline electro- 
lytic bath has a pH of at least 9.0. 

42. Hie process of claim 36 wherein the copper ions in the 
electrolytic bath are provided by copper sulfate. 

43. The process of claim 42 wherein the copper sulfate in 
the electrolytic bath has a concentration within the range of 
0.03 to 0.25 M. 

44. The process of claim 42 wherein the concentration of 
copper sulfate is about 0.1 M. 

45. The process of claim 36 wherein the copper complex- 
ing agent is comprised of a copper complexing agent 
selected from EDTA, ED, and citric acid. 

46. The process of claim 45 wherein the complexing agent 
is comprised of EDTA and the EDTAin the electrolytic bath 
has a concentration within the rangp of 0.03 to 1.0 M. 

47. The process of claim 45 wherein the complexing agent 
is comprised of ED and the ED in the electrolytic bath has 
a concentration within the range of 0.03 to 1.0 M. 

48. The process of daim 45 wherein the complexing agent 
is comprised of EDTA and the EDTA has a concentration 
within the range of 0.1 to 0.4 M. 
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49. The process of claim 45 ^^rein the complexing agent 
is comprised of citric add and the dtric acid in the electro- 
lytic bath has a concentration within the range of 0.03 to 1.0 
M. 

50. The process of claim 49 wherein the dtric acid has a 
concentration within the range of 0.1 to 0.4 M. 

51. The process of claim 36 and further comprising the 
step of subjecting the worlq)iece to a further electrochemical 
copper deposition process in an acidic electrolytic solution 
to complete deposition of the copper to a thickness needed 
for the formation of the copper interconnect stmcture. 

52. The process of claim 51 and further comprising the 
step of subjecting the workpiece to a rinsing process after 
step (b) and prior to the fiirther electrochemical copper 
deposition process in an addic electrolytic solution. 

53. A woriq)iece comprising: 

a phirality of the recessed structures distributed in a face 
of the worlqiiece; 

an enhanced seed layer having a thickness at all points on 
sidewalls of substantially all recessed features distrib- 
uted within the workpiece that is equal to or greater 
than about 10% of the nominal seed layer thickness 
over an exteriorly diq[K)sed surface of the woriq[)iece. 

54. A workpiece as claimed in daim 54 herein the 
thickness of the sidewalls of substantially all recessed fea- 
tures is equal to or greater than about 20%. 

55. A sohition for electroplating copper, the solution 
comprising copper sulfate, ammonium sulfate, and ethylene 
glycol. 

56. The solution of claim 55 and further comprising a 
complexing agent. 

57. A solution for electroplating copper, the solution 
comprising copper sulfate, boric acid, and a compkxii^ 
agent 

58. The solution of claim 57 wherein the complexing 
agent is selected from the group consisting of ED, EDTA, 
and a polycarboxyHc add. 

59. The solution of claim 57 wherein the complexing 
agent is dtric add. 

• « * * * 
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(57) ABSTRACT 

For filling an interconnect opening within an insulating layer 
on a semiconductor wafer, an adhesion skin layer is depos- 
ited conformally onto an underlying material comprised of 
one of a barrier material or a dielectric material at sidewalls 
and a bottom wall of the interconnect opening. The adhesion 
skin layer includes a metal alloy doping element. A confor- 
mal seed layer is deposited onto the adhesion skin layer 
using a conformal deposition process, such as an BCD 
(electrochemical deposition) or a CVD (chemical-vapor- 
deposition) process. The adhesion skin layer promotes adhe- 
sion of the conformal seed layer to the underlying material 
at the sidewalls and the bottom wall of the interconnect 
opening. The interconnect opening is filled with a conduc- 
tive materia] grown from the conformal seed layer. In this 
manner, the adhesion skin layer promotes adhesion of the 
conformal seed layer to the underlying material to minimize 
electromigration failure of the intercotmect. In addition, the 
seed layer formed by conventional PVD (physical-vapor- 
deposition) processes is avoided with the present invention. 
Instead, the relatively thin adhesion sldn layer and the 
relatively thin conformal seed layer are used for plating the 
conductive fill. AWth such relatively thin layers^ an intercon- 
nect opening having a high aspect ratio is filled with 
minimized void fonnation. 
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^^c^,^ AM AninrcmN HKlfi lAVFR mance of the integrated circuit Thus, a diffusion bamer 

DEKWITING AN ADHKION lATOR ^ 

"^'"f^lS^SiSSSS*? SriWwithintheinsula.in6Uyerl06onthesidcwallsan^ 

AN INTERCONNECT OPIiNlNU ^ interconnect 1«2. as known to 

S one of oidinaiy skill in the art of integrated circuit fibnca- 

TCCHNICAL FIELD tion. Hie diffiision barrier material UO is cUsposed be^n 

TCCHNICAL tit.w interconnect 102 and the insulaimg layer 106 for 

The present invention relates generally to fabricalion of preventing diffusion of copper fiom the copper interconnect 

interconnect, such as copper interconnect for example, ubu) the insulatinglayer 106 to preserve the integrity of the 

within an integrated circuit, and more particularly, to depos- jg insulating layer 106. 

iting an adhesion skin layer and a thin conformal seed layer purther referring to FIG. 1, an encapsulating layer 112 is 

for filling an interconnect opening to minimize electromi- deposited as a passivation layer to encapsulate the copper 

gcatira and void formation within the interconnect. interconnect 102, as known to one of ordinary skill in the art 

of inteerated circuit fabrication. The encapsulating Uyer 112 

BACKGROUND OF THE INVENTION typiwlly comprised of a dielectric audi as silicon nitride, 
A long-recognized important objective in the constant and copper from the copper interoomiect ^^*>^'^l^ 
adTan^me^CoUthic IC Ontegrated Circuit) technol- diffuse into such a dielectric of the encapsulaUng layer 
ogy is the scaling-down of IC dimenaons. Such scaling- Referring to FIG. 2. typically for fflhng the trench IIM 
down of IC dimensions reduces area capacitance and is ^u, copper, a dilEuaon barrier matenal 121 is depcsitedon 
critical to obtaining higher speed performance of integrated 20 ^ sidewalls and the bottom wall of the trench 104. lUe 
circuits. Moreover, reducing the area of an IC die leads to diffusion barrier material 121 is smular to the diffusion 
higher yield in IC fabrication. Such advanUges are a driving barrier material UO of FIG. 1. A seed layer 122 of copper is 
tmc6 to constantly scale down IC dimensions. deposited on the difl&ision barrier matenal 121 at the side- 
Thus far. aluminum has been prevalently used tor metal- walls and the bottom wall of the ^ 
lizatiMvriUiin integrated drcuils. However, as the width of ^ is electroplated from the seed kyer 122 to M the trench 104 
Si Sn^l^ S down to smaller submicron and even in an BCD (electrochemical deposition) process as known 
S^^mSdtaeSilZfal metalHzation showseleo to one of ordinary skill in the art of mteg«ted circurt 
S^Son M^-^ectromigration faitare. which may fabrication. TTie seed layer 122 of copper s typically dep^ 
k^ToZ Td^xu^ metriMnes, is now a commody iled by a PVD (plasma-vapor-depostf ion) process known 
™i^pr*lem^!eover,«.d^nsionsof metdlim^ ^ U, on. ot ordinary skin in the art of -^^-^ 
J^h^Tdecrease metal line resistance increases fabrication. With sudi a deposiUonproces, referring to HG 
luS^liiw a^d thS tocrea^ ii line resist^KC may 2. when the aspect ratio (defined as the depth to the width) 
substanuauy, ana mis incredac m .r „fihe trench 104 to be filled with copper is relaUvely large 
adversely affect circuit performance. £^^^^51^1^ seed Uyer m that is de^^^ 
Giventheconcemsofelectromigrationandhnere^ance 3^ (^■^•^^"^^jj*^^ of openi^^^ 
with smaller metal lines and vias, copper is considered a J^f^r^^j'^rf,,,,^ j24 to^comeis of the 
more viable metal for smaUer metalhzaUon dimensions. have a s"^^^' "^"^ 

SmSar^i^tsi^i^srtL^^ 

^r^n^rarsssec.onalv.w.shown.ofa oj^^.O.^^^^^^^^ 

copper intercomi^ IW within a trench 104 formedm an ZTm^^^^^^i26l>^ii>^ center of the 

iasulatinglayer 106. Tte copper mtercomiect i«2 v^^ totercom.^ opening IM. Such a void 128 disadvMita- 
insulatinglayerl06isfiarmedonasemiconductorwaferl0« 45 ^^^^^^^^^^i^^^eof theinteicomwrtandmay 

s«A as a silicon substrate as part of an mtegrated circmt el^SS^n faitare of the intercon- 

Because copper is not a volatile metal, copper cannot be even contribute to eiearomigraiion 

ea^ilv etched awav in a deposition and etching process as nect , 

Sy S fo^alZinrmetallization. THus. the copper Referring to HG. 4. to minmiize the overhang 1^ at the 
S2^^«ct1M is tvofcallv formed by etching the trench 50 top comers of the interconnect opemng 104, the seed layer 

S^rSiSi^SSeSiting layer 106. and the of'^copper 122 is deposited to be thimier. However, the 

ILh ImTS^ fflKh^er »pi«dly by an elec- deposition of the seed layer 122 is not perfecfly conformal 

SS^p^ S'ta.Zto^ of ordinal; Ll in the when the seed layer 122 is too thin (having a .hicta^ss of 

7SS^t fabrication. »"'-'*'"'*°"^^'^TT'^^"'"fi,?d3!:aSs^ 

UnfortuLely, copper is a mid4,andgap impurity msiU- 55 J^^-^r^C^^STm ^ yTrS.lu^ 

conandsilicondioxide.Thus.coppermay&fltaseeasdym^ 'Xl^i^t torn a^SiSwl. and the bottom comers of 

thesecommonintegratedcircmtmaterials.RefernngtoFIG. JJ^P^^^*^!^^ io4 However, it is desired for the 

1, ttie insulating layer 106 may be comprised of sffl«»i. ^^^^^^SXtSmsi^l^tial^y all surfaces of the 

dioxide or a low dielectric constant msulatmg nwtenal ach ^IP^'iJ^^^^ U,e whole 

asorganicdopedsiBca,as known toonerfordmanrdaUiD « ^^^^^J^ZTZ^m cor^eis of the 

the art of integrated circuit fabrication. The low d^tecttic f^^^f^J^oT to prevent void formation, 

constant insulating material has a diele«nc «^^ nSSS, Sr sSd layer 122 is also desired to 

lower than that of pure silicon dioxide (SiO^) for lower "^T^J^- " of the overhane 124 for the interconnect 

capacitanceoftheinterconnecl,asknowntooneofordinary avoid 

sl^ in the art of integrated circuit fabrication. 65 °V^'^S 1«* •"^8 ^ f °- ^ , ,„ .. 

Co^r may easfly difflise into such an insulating layer Referring to na 5.^^-J»-^ f ^ 

106, and this diffusfon of copper may degrade the perfor- contmuous when the seed layer 122 is too thm, a seeo 
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seed eohancement layer 130 is a thiimer layer of coRjer ^^^".^SaT^ copper and wheo 

(having a thickness of about 50 angstroms to about 500 ^»^'^J^!ftloS^ P^" 

UstrLs). nie seed enhancement layer 130^ formed by ^^^^ ^^^^^^^Z^ of &om ab^u? 50 

io^CD (electrochemical deposition) or a CVDchen^^ 5 *»PP^^'^«V;^^^^^ 

vapor^eiosition) process instead of the oonvenUonal ^^^^^^^^ ^dvanUge when the 

(pi;;ical-yapor^fcposi,ion) ^^J^^^lt^]^ S^'Sj^^i^^of oneof subsLtiallypure 

layer 122) such that the seed *'*»^"f°' ^^^f"^^ ^^^bL.tiallyT« tin. substantially pure zinc, 

conformal to continuously cover '^"bstanUaUy aU e^ XSy^ indium, or. copper alloy including one of 

surfaces within the interconnect opemng l^- Ajopper fflU 10 ^^^^^^^^.^^^^^ .'concentration in 

132isthenplatedfromtheseedenh«K*mentl.yerl30«Kl ^'^^^^^;^S!oi.tomicpe,c^ttorfK,utl0.lomic 

the seed Uyer 122. , is percent. The adhesion skin kyer has . thickness in . rMge 

However, because the seed enhaiKxment layer 13lMs ^ angstroms to about 100 Mgstroms m one 

formedbyMiECD(electiochemicdd^oaUon)j.^ embodiment of the present invention, 

(diemical-vapor^leposition) process n«te.d of Uie oonven- ^ temperature below about 25'' 

tion.lPVD(physkal-v.pM-dq«sitK,n)processforf^^ is uS tod^siting Z adhesion skin layer. . 

,heseedUyerm.lteseedentax«nj^tla^^^^ ^ - ^^^^ 1,^,, be 

Mlheie jis weD as the seed layer 122 to Jinderl^ng ™r addition, the underlying material is bombarded 

„,aterialoflhediffiisionb«i«m.lenrimatJesid^^ ^^^^iert ion plasma to a^eve a thinner but yet 

and the bottom wdl of the mteieonnect opemng 104. as ^ '^ 2,^^dbLvon skin layer. Furthermore, a thermal 

the underlying material of ttie diffusion barn« 3^ (Zsical-vapor-deposition) processes is avoided with the 

at the sidewalk and the bottom waU of Ae ^terconnect Qead, the relatively thin adhesion skin 

opening 104 is more likely to result m disadv^mtogeo^ LTi^Ja tt^Anessof about 3-100 angstroms) and the 

electromigration failure of the mterwnnect. On ^ otiier ^^^^^ 1^ (having a thickness of 

hand, a relatively thick seed layer 122 has overhang 124 ^^^^^,^^) a^ used for plating the conductive 

the top comers of the intercomiect opemng havmg ta^ S^'J^^tEly thin layers, an interconnect opening 

aspectratiowhichismorelikelytoresultmdisadvantageous g^^^^^^^^tio is fillrf with minimized void 

void formation within the interconnect. fbrm^n^ 

Hius. . mechanian is desired for filling an intwconnect • ^ ^^^^^ ^ advantages of the present 

opening having high aspect ratio with mmimized elediomi- ^^^^^ ^ understood by considering tiie 
gration Mure and minmiized void formation. 40 ^^^^^ detafled descr^tion of the invention wUdi is 

SUMMARY OF THE INVENTION presented wifli the attached drawing?. 

Accordingly, in a general aspect of the present invention. BRIEF DESCRIPTION OF TOE DRAWINGS 

for filling an interconnect opemng havmg high aspect ratio, ^ ^ cross-sectional view of a copper inter- 

a thin adhesion skin layer including a metal alloy doping 45 ^^^^^ ^^^^^ copper filling a trench within an insu- 

element is first deposited on the underlying malenal at the ^^^^ ^^^^^^ according to the prior art; 

sidewalk and the bottom wall of the interconnect opemng. ^ ^ cross-sectional view of a seed layer of 

A conformal seed layer such as the seed enhancement layer * ^ ^ diffusion barrier material at the 

for example is deposited onto the thin adhesion skm Uyei, ^^^^^ and the bottom wall of an interconnect opening for 

and the conductive fill is plated from the conformal seed 50 ^jj^^jj^jing ^ fonnation of an overhang of the seed layer at 

layer. the top comeis of the interconnect opening when a relatively 

In one aspect of the present invention, for filling an ^y^^. deposited, according to the prior art; 

interconnect opening within an insulating layer on a semi- ^ ^ cross-sectional view of a copper fill plated 

conductor wafer, an adhesion skin layer is deposited con- ^^^^ 2 for illustrating the formation 

formally onto an underlying material comprised of one of a 55 ^^^^^^^1^1^^ copper fiU from the overhang of the seed 

barrier material or a dielectric material at sidewalls and a according to the prior art; 

bottom wall of the interconnect opening. The adhesion skin ^ ^ cross-sectional view of a relatively thin 

layer includes a metal aUoy doping element. A oontormai * ^^^^^^ deposited on the sidewalls and bottom 

seed layer is deposited onto the adhesion skin layer usmg a inteioMinecl opening for iUustrating the discon- 

coDformal deposition P/^cess, such as an bcu ^^^^^ the seed layer, according to the prior art; 

(electrochemical deposition) or a CVD (chemical-vapor- y ^ cross^onal view of the relatively thin 

deposition) process, for depositing a conformal ^^}^^ ^ . of FIG. 4 with a conformal seed layer 

TTieadhesionskinlayerpromotesadhesionofthe^^^^^^^ HsS on 4 exposed surfiices witto 

seedlayertotheunderlyingmatenala thesidewa^k^^^^^^^^ JSra^tog^the prior art; 

bottom wall of the intercoimect opening. The in^erconne^ 65 op^m|, J B ^ cross^onal 

opening is fill^ with a conductive matenal g«,wo from the ^' ^ p„,cess 
conformal seed layer. 
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steos for deDositina an adhesion skin layer and a conformal Unfortunately, copper b a mid-bandgap impunty m si^- 
J^lZ^^^m^n barrier material for plating the con and siK«>n dioxide. Tlius, copper may ^ easi^^ 
conductive fill of the interconnect, to minimize electromi- these common integrated circuit matenals. Reternng to ho. 
cration failure and void formation according to one embodi- 7, the insulating layer 204 is typically comprised ot siUam 
ment of the present invention; 5 dioxide or a low dielectric constant insulating material such 

FIGS 14 15 16 17, and 18 show cross-sectional views as organic doped silica, as known to one of ordmary skdlm 
for formation of an interconnect to illustrate process steps the art of integrated circuit fabrication, especially when the 
for depositing an adhesion skin layer and a conformal seed semiconductor wafer 208 is a silicon substrate, 
layer onto an insulating material of the insulating layer for Copper may easily diffuse into the insulating layer 204, 
plating the conductive fill of the interconnect, to minimize 10 this diffusion of copper may degrade the performance of 
electiomigration failure and void formation according to integrated circuit Thus, the diffusion barrier material 

another embodiment of the present invention; 210 is deposited to surround the copper to be filled within 

FIGS. 19 and 20 show cross-sectional views for formation interconnect opening 202. The diffusion barrier material 

of an interconnect to ilhistrate process steps for depositing a jlO prevents diffusion of copper to filled within the inter- 
non-conformal seed layer between the adhesion skin layer 15 ^j^g^ opening 202 to the insulating layer 204 to preserve 
and the conformal seed layer, according to a further embodi- integrity of the insulating layer 204. 

ment of the present invention; and Referring to FTG. 8, exposed siirfeoes of the diffusion 

FIGS. 21, 22, and 23 show cross-sectional views for tanier material 210 are bombarded with an inert ion plasma 
formation of an interconnect to illustrate process steps for ^ ^ isotropic plasma process (i.e., a plasma process uang 
depositing a non-conformal seed layer before depositmg the 20 high p^cess pressure of greater than about 10 milliTorr and 
adhesion skin layer and the conformal seed layer, according ^ voltage bias for an ion energy that is less than about 
to another embodiment of the present invention. plasma is comprised of aigon or 

The figures referred to herein are drawn for clarity of helium, and preferably argon when the Hiffiision harrier 
illustration and are not necessarily drawn to scale. Elements n^^tcrial ^10 is compri sed o ftantahm i, titanium, tung;5ten, or 
having die same reference number in FIGS. 1, 2, 3, 4, 5, 6, 25 elements in a compound form with nitrogen, carbon, or 
7, 8, 9, 10, 11, 12. 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, and ^^^^ ^^^^ ^^^^ processes are known to one of ordinary 
23 refer to elements having similar structure and fonction. of integrated drcuit fabrication. After the inert 

DETAILED DESCRIPTION ion plasma bombards tht exposed surfaces of the diffiision 

, . , . f barrier material 210, the exposed surfaces of the diffusion 

Thepiesentinventionisdescnbedforfonnationofcopper 30 harrier material 210 are roughened. 

copper interoonnec., an mMect opeamg 202 Mch a ^^'^^^^j^ \ «nccntratioD in copper of torn 

trench line is eormed withm an nwulaUng layer 204 on a ^1^^^ pe^m to about 10 atomic percent. In 

semi«,nd«c.orv«&r208«partof«^^ ^^SeSmSenfof the present invention, tli adhesion 

known to oneofortoaryskmmU* art of^^^ « ^ , , 2J2 is compris?4.QUh'?-?»b^«rti»Uyj««5J«^t»l 

fabrication. TVpic^y, the sennoonductor wdfcr 208 ^com- ^g^^kment such as^^tantiaUy pure zirconium, 

prised of siKoon (SO. and the insula^ layer 2M is wm- "^^Sf "Sii^sibstantially pure zinc, or snbstan- 

prised of silicon dioxide (SiOJ or a low dielectnc constant ^""^^.^^TTT 

Lulatingn.aterialsuch«»oig«BcdopedsiKca.askiiownto tiaUy puK indium, i e„.h„H,Wnt of the oresent 

one of orfinary skiU in the art of integrated dicuit fiibrica- 45 I" cas^ in one embodiment of Pr«ent 

one 01 oiumaiy b- invention, the adberaon skm layer 212 is relatively thin, 

because copper is noi a vomiuc mtuu, „ thmner and vet substantially continuous. In addition, a 

easily etched away m a deposiUon ,^ ^•'^'^Pf^^^ Si Jtow dep^tion temjeramre of less than about 25- 

^^J^i ;;i^Z^ST^J^^^ S^^lusedli.prefcrr^enibodim^ 

S^^SX Jin^atin^ay^^^^^ . ^^Zc^J^J^^^Z'^C 

the interconnect opening 202 with copper flU. 2Kmavbe dnnner and yet substantially continuous. Sucb 

Referring to FIG. 7, a diffusion bamer material 210 « Jg^^yJ^S^^^^XfaLattlr grain size wito 

deposited on the exposed surfaces of the insulatmg layer 204 layer 212 and thus in a Slather adhesion 

inSiding the sidewalls 213 and the bottom waU 215 of the I^b adhesion aon layer iuwoxa 

interconnect opening 202. The dif&jsion barrier material 210 60 sKm layer .Sit. , . . , . „, 

Ty^m^n of copper to be fiUed within the intercon- Processes, such CVD -'»P°^ j*P^> ?! 

Zl opening 202 into thTsurrounding insulating layer 204. ALD (atonuc layer deposition) P^^^^^*^ 

TTie dLsion barriermaterial210may be a diffusion barrier oonfonnal deposihon ptocessc^ for fo^^j^w^ 

metal or. diffusion barrier dielectric. Such diffusion barrier sion skm layer 212 composed of 

materials and processes for deposition of such diffusion 65 metal aUoy dopmg element are ^.^.^^^''^ 

?^ermateriabareknowntoonVofordin«yskillinthe«t '^'^^''^'^^lut^l^mZlt^ZTa^ 

of integrated circuit fabrication. patent applicaUon with Ser. No. 09/845.616 havmg title 
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Formation of Alloy Material using Alternating Depo- uuderixin^^ffiision^a^^^ 
sitions of a Layer of Alloy Doping Element and a Layer troqiigration failure of the interconnect. In addition, the pnor 
of Bulk Material, and having the same inventors and art seed layer formed by conventional PVD (physical-vapor- 
filed concurrently herewith, describes a process for deposition) processes is avoided with the present invention, 
forming the adhesion skin layer 212 comprised of an 5 Instead, the relatively thin adhesion skin layer 212 (having 
alloy material such as copper alloy. This patent appli- a thickness of about 3-100 angstroms) and the relatively thin 
cation with Ser. No. 09/845,616 is in its entirety inoor- conformal seed layer 214 (having a thickness of about 
porated herein by reference. 50-500 angstroms) are used for plating the conductive 
Referring to FIG. 10, a conformal seed layer 214 is material 216. ^th such relatively thin layers 212 and 214, 
deposited onto the adhesion skin layer 212 using a confor- ^ interconnect opening having high aspect ratio is filled 
mal deposition process. For example, the^nfprmal seed , ^^j, nunimized void formation. 

laYSEJliis-dcposited using a deposition process for depos- Referring to HG. 14, in an alternative embodiment of the 

iting the seed enhancement layer 130 m HO. 5. In one invention, the adhesion skin layer and the conformal 

embodiment of the present invention, the <»>ofofm^ .s?ed ^^^^^ dielectric material of the 

kyer^^iisedofsute^^ insulating layer 204 when a diflEusion barrier material is not 

a thickness m a range of nom about 50 angstroms to about , „ ^ , ..j„,™«„„* «f ♦„^K«Mr^tT« f^r 

500 angstroms. PhLsses, sud> as BCD (electrochemical For examp e, with advancement of technobgy for 

depoSrpro^^and CVD (chemical-vapor- dielectnc material, the u^ulaUng layer 204 may be com- 

dc^sition) pni^sses, for depositing such a thin conformal ot an msulating material Oiat is mipervious to copper 

seed layer 214 are different from processes, such as con- diffusion such that a diffusion barrier material is not used, 

ventional PVD (physical-vapor-deposition) processes, for 20 Alternatively, the insulating material 204 may be comprised 

depositing the thicker seed layer 122 of FIGS. 2, 4, and 5 of of siUcon dioxide or a low dielectric constant msulating 

the prior art, as known to one of ordinary skill in the art of material such as organic doped siUca. 

integrated circuit fabrication. Referring to FIG. 14, exposed surfaces of the insulating 

The adhesion skin layer 212 having the metal alloy layer 204 are bombarded with an inert ion plasma m an 

doping element promotes adhesion between the conformal 25 isotropic plasma process (i.e., a plaana process usmg high 

seed layer 214 and the diffusion barrier material 210. In one process pressure of greater than about 10 milUTorr and a low 

embodiment of the present invention, after deposition of the voltage bias for an ion energy that is less than about 100 eV). 

confonnal seed layer 214 on the adhesion skin layer 212, a The inert ion plasma is comprised of argon or helium, and 

thermal anneal is performed by heating the conformal seed preferably helium for the insulating material of the insulat- 

layer 214 and the adhesion skin layer 212 at a lemperattire 30 ing layer 204. Such plasma processes are known to one of 

of from about 100* Celshis to about W Celsius for a time ordinary skill in the art of integrated circuit fabrication. After 

period of fiom about 2 seconds to about 60 minutes. Such a the inert ion plasma bombards the exposed surfaces of the 

thermal anneal process further promotes adhesion between insulating layer 204, the ejqwsed surfaces of the msulating 

the confonnal seed layer 214 and the diffuswn barrier layer 204 including the sidewalls 213 and the bottom wall 

material 210 by the adhesk)n skin layer 212 having the metal 35 215 are roughened. 

alloy doping element Referring to FIG. 15, an adhesion skin layer 222, sunilar 

Referring to HG. U, the interconnect opening 202 is to the adhesion skin layer 212 of FIG. 9, is conformally 

filled with a conductiv^e material 21<.g!Hwn from the con- deposited onto the underlying matenal of the insulating 

fonnal„seed,k vCT 214. For example, whenlhTSSSrmia layer 204. The adhesion skin layer 222 includes a metal alloy 

seed biyer214'is comprised of substantially pure copper, the 40 doping element. In one embodiment of the present 

conductive material 216 is comprised of substanliaHy pure invention, the adhesion skin layer 222 is a copper alloy 

copper electroplated from the oonfi)imal seed layer 214, including the metal aUoy doping element of zircomum, tm, 

according to one embodiment of the present invention. zinc, or indium having a concentration in copper of fiom 

Electroplating pirrr^,^ H ^ interconnect opening about 0.01 atomic percent to about 10 atomic percent. In 

^S^er^6 grown ftoxnlSr^jSSS^^S^^ct 45 another embodiment of the present invenUon, the adhesion 

214are^wn to one of ordinary skiU in the art of integrated skin layer 222 is comprised of the substantially pure metal 

circuit fabrication. alloy doping element such as substantially pure zirconium. 

Referring to FIG. 12, any of the conductive material 216, substantially pure tin, substantially pure zinc, or substan- 

the conformal seed layer 214, and the adhesion skin layer tially pure indium. 

212 on the insulating layer 204 surrounding the interconnect 50 In either case, in one embodiment of the present 

opening 202 is polished away to expose the insulating layer invention, the adhesion skin layer 222 is relatively thm 

204 such that the interconnect is contained within the having a thickness m a range of from about 3 angstroms to 

interconnect opening 202. Processes, such as CMP about 100 angstroms. Referring to HGS. 14 and 15, when 

(chemical mechanical polishing) processes are known to one the exposed surfaces of the msulatmg layer 204 are rough- 

of ordinary skill in the art of integrated circuit fabrication. 55 ened witii bombardment by inert ion plasma, the adhesion 

Referring to FIG. 13, a layer of bulk passivation material skin layer 222 may be thinner and yet substantiaUy continu- 

218 is deposited on the insulating layer 204 and on lop of the ous. In addition, a relatively low deposition temperature of 

interconnect within the interconnect opening 202. The bulk less than about 25° Celsius is used in a preferred embodi- 

passivation material 218 may be comprised of one of silioon ment of the present invention for formmg the adhesion skm 

oxynitride (SiON), siUcon nitride (SiN), and a siUoon car- 60 layer 222 with higjier nucleation density such that the 

bide (SiQ film doped with hydrogen, and copper does not adhesion skin layer 222 may be thinner and yet substantiaUy 

easily diffuse through such a bulk passivation material 218. continuous. 

Processes for depositing such bulk passivation material 218 Processes, such as CVD (chemical-vapor^cposition) or 

are known to one of ordinary skill in the art of integrated ALD (atomic layer deposition) processes, which are 

circuit fabrication. 65 confonnal deposition processes, for forming the adhe- 

In this manner, the adhesion ,#Jayerjn^prgm sion skin layer 222 comprised of substantially pure 

adhesion between the confoirniTsoMl layer 214 anil the metal alloy doping element are known to one of ordi- 



us 6,528,412 Bl 

9 10 

of Materii Ld havinltte same mventors and 5 «Mition. the prior art seed layer fonned by «»nyenUond 
Med concunently herewith, describes a process for pvD (physical-vapor-depositioii) precedes is avoided wft 
formine the adhesion skin layer 222 comprised of an ,he present invention. Instead, the relatively thin adheaon 
aUoy material such as copper alloy. This patent appK- ddn layer 222 (having a thickness of about 3-100 
cation with Serial No. 09/845,616 is in its entirety angstroms) and the leUtively thin conformal seed layer 224 
incorporated herein by reference. jq (having a thidmess of about 50-500 angstroms) are used for 
Referring to HG. 16, a oonfoimal seed layer 224 is . ^ ^ conductive material 226. MTith sudi relatively 
depoMted onto the adhesion skin layer 222 usmg a confor- ^ ^^^^^ 222 and 224, an interconnect opoiing havmg a 
mal depoMtion process. For «ample, the conformal seed ^ ^^^^ ^ ^^^^ ^y, njinimized void f«mation. 
layer 224 is depoated using a depo8iti<Hi process for depos- Referring to FIG. 19, in a further embodiment of the 
iting the seed enhancement layer 130 in HG. 5. In one invention, an adhesion skin layer 230 is deposited on 
embodiment of the present invention, the conform^ seea y underlying diffusion barrier material 210, and a non- 
layer 224 is comprised of substantially pure copper having ^^f^^^'secd layer 232 is deposited on the adhesfon skin 
a Ldmess in a r«jge of 60m about 50-^-^^^^ ^e adhesion skin Uyer 230 is simihir to the 
500 angstioms. Piocesses, ^f^i^ ^CD <ekcttoc^^^ ^ 222 of FIG. 15 as 

"niSISt« 222 having the metal alloy d/position process such as a PVD (plasma-vapor- 
doping element promotes adhesion between the conformal depoahon) proce^. ^^^^ ^^ed layer 234 is 
se^yer224a^theinsdatinghy«204 inoneemboi^ deS^on thfnon-r^o^" ^2 and on 
r'fJ^Cr"'2Sr:n^2re£S l^^r ^ ; 30 S^of thfarsion skin layer 23o'not havmg the 
Sral^e&^or^ej^yS^^ Z^tl^^^t^L'^t^^^'^^^^ 

element. K^t«/«»n the adhesion skin laver 230 and the oonfonnal seed 

Further referring to FIG. 1«, a layer oi duik P^**" „ of HG 6 or 222 of HG. 15, as described herem. 

material 228 is deposited on the msulatmg Uyer 204 and on layer 212 ot MU. • »^ *^ ™ ' seed Uver 244 is depos- 

,opoftheintercolectwithintheinterconnectopemng202. 60 ^^'^"-g^^^' ^t.™ IT'^^^^ 

^S^bulkpassivationmaten^^^^^ ^J^^^'L^^to STciX^i^seed layer 214 of HG. 

of silicon oxymtnde (SiON), sihcon nitnde (SiN), and a »yef , described herein. Ftather refenii* 

silicon cart,ide (SiQ fihn doped with hydrogen, and copper 10 "'324 of d«a*« t«^ 

integrated circuit fabncatioii. ' 
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. - thB 3 The method of claim 1, further including the step of: 

Sde^^c Lerid ^tte^^a^^ layer 204, as would be wherein said adhesion skin layer deposited in said step A 

dielectnc ^^^^^^^^^^^ ^^^e art of integrated 5 is deposited on said non Womial seed layer and on 

fore^^a is bv wav of example only and is not said non-conformal seed layer deposited thereon. 

int^deJ to riL^^^^ Tr exLple. the present invention 4. Hie method of claim 1 wherein said adhesion skm 

S Sb^forStiorof copper iliteicLiecL However, layer is deposited using a conforma^ deposition pn^ 

^P^^ kivi may be practiced for minimizing ^. 5. The method of claim 1, v^erem said imderlying 

IctSatrn^f^^^ "^^^'i^ sidewalls and said bottom waU of said 

tiSS °r t^ apparent intercomiect opening is a dififtision barrier matenaL 

ToS^f SlTridll in the i^of integrated circuit 6. THe method of claim 1. ^^^^^^^^J^^^ 

fabrication from the description herein. Any matenak or material at said sidewalls and said bottom waU 

dime^ions specified herein are by way of example only. In intercomiect opening is an msulatmg matenal of said insu- 

SrThe^^nt i^ention may be practiced with the Uiti^g layer that is comprised of a low dielectnc cons^t 

ares^n ^ layer 222 being confoimal or not conformal material having a dielectric constant that ,s lower than 

andwiththeadhesionskinlayer222beingcontinuousornot silicon dioxide (SiOa). „f. 

^nti^uous, as would be apparent to one of ordinary skill in 7. The method of claim 1, further mdudmg the step of . 

the art of integrated circuit fabrication from the description performing a thermal anneal after said step B and betore 

herein On the other hand, the conformal skin layer 214 or ^ ^^id step C by heating said conformal seed layer and 

224 is deposited in a conformal deposition process. said adhesion skin layer at a temperature of from atx)ut 

Furthennore, as will be understood by those skilled in the iqO^ celshis to about 40(f Celsius for a time penod of 

art the stmctures described herein may be made or used m about 2 seconds to about 60 minutes, 

the' same way regardless of their position and orientation. g The method of claim 1, further including the step ot 

Accordingly, it is to be understood that terms and phrases bombarding said underlying material at said sidewaUs and 

such as "top," "bottom,'* and "sidewall" as used herein reCer said bottom wall of said interconnect openmg with mert 

to relative location and orientation of various portions of the plasma, before said step A. 

structures with respect to one another, and are not intended ^ method of claim 1, furtter including the steps of: 
to suggest that any particular absolute orientation with ^ polishing away any of said conductive material, said 

respect to external objects is necessary or required. The conformal seed layer, and said adhesion skin layer on 

present invention is timited only as defined in the followmg insulating layer surrounding said interconnect 

claims and equivalents thereof. opening to expose said insulating layer sudi that said 

We claim: conductive material is contained within said intercon- 

1. A method for filling an interconnect openmg of an ^^^^ opening; and 

integrated circuit, said interconnecl opening bemg with m depositing a layer of bulk passivation material on said 

insulating layer on a semiconductor wafer, the method Sail^g layer and on top of said filled interconnect 

including the steps of: opening to encapsulate said interconnect opening. 

A. depositing an adhesion skin layer onto an underlying method of claim 1, wherein said conductive 
comprised of one of a barrier material or a dielectric at ^ j^^^i^^ fining said interconnect opening in said step C is 
sidewalls and a bottom wall of said interconnect ooniprised of substantially pure copper. 

opening, wherein said adhesion skin layer mcludes a u. method of claim 10, wherein said conformal seed 

metal aUow dopipg element; l^y^ is comprised of substantially pure copper havmg a 

B. depositing a confijrmal seed layer onto said adhesion thickness in a range of from about 50 angstroms to about dUU 
ddn layer using conformal deposition process; angstroms. 

wherein said conformal seed layer is comprised of a pure 12. The method of claim 11, wherein said conformal seed 

bulk element, and wherein said adhesion skin layer is ^ deposited using one of an electro-chemical platu^ 

an alloy comprised of said metal allow doping element process or a CVD (chemical-vapor-deposition) process, 

and said pure bulk element also conq>rising said con- ^3 -nie method of claim U, wherein said adhesion skm 

formal seed layer with said metal allow doping element ^^y^^. ^ comprised of a copper alloy including said metal 

doping said pure bulk element within said adhesion alloy doping element comprising one of zircomum,tm,anc, 

skSi layer; or indium having a concentration in copper of from about 

and wherein said adhesion skin layer promotes adheaon 0.OI atomic percent to about 10 atomic percent 

of said conformal seed layer to said underlying material 14. The metiiod of daim 13, wherem said adhesion 

at said sidewalls and said bottom wall of said intercon- 55 layer has a thickness in a rangp of from about 3 ang^ms 

nect ooenine; and to about 100 angstroms. . , • 1 • 

r ^nTsaid interconnect opening with a conductive 15. The method of daim 14, wherem said adheswn skm 

rSal^.^ C c^forial seed layer tiiat is layer is deposited by one of a CVD (chemi^-v^r- 

rSJid^TL^re bulk element. d^osition) process or an ALD (atomic layer depostUon) 

^„SS seed layer deposited ttiereon. the method including the sequential steps o£ 
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A. bombarding an underlying material at sidewalls and a 
bottom wall of said interconnect opening with inert ion 
plasma formed from one of argon or helium; wherein 
said underlying material is comprised of one a diffusion 
barrier material deposited on said sidewalls and said 5 
bottom wall of said interconnect opening or an insu> 
lating material of said insulating layer that is comprised 
of a low dielectric constant material having a dielectric 
constant that is lower than silicon dioxide (SiO^) when 

a barrier layer is not deposited on said sidewalls and 10 
said bottom wall of said interconnect opening; 

B. depositing oonformally an adhesion skin layer onto 
said underlying material at said sidewalls and said 
bottom wall of said interconnect opening; 

wherein said adhesion ^Idn layer is comprised of a copper 
alloy including one of zirconium, tin, zinc or indium 
having a concentration in copper of finom about 0.01 
atomic percent to about 10 atomic percent, said adhe- 
sion ddn layer having a thickness in a range of from 
about 3 an^troms to about 100 angistiom^ ^ 

and wherein said adhesion skin layer is deposited by one 
of a CVD (chemical'Vapor-deposition) process or an 
ALD (atomic layer deposition) process, using a depo- 
sition temperature below about 25** Celsius; ^ 

C. depositing a conformal seed layer onto said adhesion 
skin layer using a conformal deposition process; 

wherein said adhesion skin layer promotes adhesion of 
said conformal seed layer to said underlying material at 
said sidewalls and said bottom wall of said interconnect 30 
opening; 

wherein said conformal seed layer is comprised of a pure 
bulk element, and wherein said adhesion skin layer is 
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an alloy comprised of said metal alloy doping element 
and said pure bulk element also comprising said con- 
formal seed layer with said metal alloy doping element 
doping said pure bulk element within said adhesion 
skin layer, and wherein said conformal seed layer is 
comprised of substantially pure copper haviiig a thick- 
ness in a range of firom about 50 aiigstroms to about 500 
angstroms; 

and wherein said conformal seed layer is deposited using 
one of an electro-chemical plating process or a CVD 
(chemical-vapor-deposition) process; 

D. performing a thermal anneal by heating said conformal 
seed layer and said adhesion sldn layer at a temperature 
of from about 100° Celsius to about 400° Celsius for a 
time period of from about 2 seconds to about 60 
minutes; 

E. fillirig said interconnect opening with a conductive 
material of substantially pure copper grown from said 
conformal seed layer Uiat is comprised of said pure 
bulk element; 

F. polishing away any of said conductive material, said 
conformal seed layer, and said adhesion skin layer on 
said insulating layer surrounding said interconnect 
opening to expose said insulating layer such that said 
conductive material is contained within said intercon- 
nect opening; and 

G. depositing a layer of bulk passivation material on said 
insulating layer and on top of said filled interconnect 
operung to encapsulate said intercoimect opening. 

♦ ♦ * * * 
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ELECniOMIGRAnON OF COPPER ^ ^J^S^^i«'M»^t>^i^<"-r' 

APPUCAnONW astitarrium-mngsten(^W)andtitallIlunmtadea^^^ 
mappUcadonisalsoielatedtotbefoUowingcominonly ^eU as refractory metals such as Utanmn (TO. to^n 
.signed appUcations: 10 (W), taiitalum (Ta), molybdenum (Mo), and theu^^^^^ 

J?S^"SW.e..ed"Me.odoCH.ec. r-^r^bT"^^^''" 

^ ISolatSaCOpper-ZtacAltoyTtinFilmonaCopper ,5 ^^l^^'^l^L^K i»««oa«cu. i^>c»^^ 

iS«*UsingaaiemicalSolmionand aSemioon^^^ ^^''^-"■^■-i™""'^^'*'^^''^^ 

toTb^ce tlln*y Fonned. filed Feb. 22. 2002;- . '?:S<S'fcZr^"Zo^^^ 

rS) US Ser No. 1(V082.433. entided "Mediod of Con- !?X.°?^Slo"T^^ '^'^'^ -"^.^ 

^'IS^^Xfa^toaCopper-ZincAUoyThinFJm STe-^X^™^" ;« 

Electr^IaledonaCopperSmt^eandaS^nduc- 20 -k^^p-^^^^^,^^:^™^ 

tor DeWce thereby Formed, ffled Feb. 22, 2002^ Tc^:^^:Zl^:^lMi^*-^o«^o^7^ 

(4) U S Ser No. 10/083.809. entiUed "Method of Reduc- ^^^^toprovaiBtocom^ctBlirfriia^ 

g ^T^S^i^S^'fTS fSTS;;; brief summary of rm invention 

Copper Surface and a Semiconductor Device toeieby 25 Accordingly, the present invention provides a method of 
Formed, filed Feb. 26, 2002;" reducing electromigration in copper intercomect hnes by 

r<rk II S Ser No 10/084,563, entitled "Method of Iteduc- restricting Cu-difEusion pathways along a Cu suriace via 
^ ing Eleciromigration by Forming an Electroplated ^ j„ ^ cu surface with Zn ^^^'"^ 
^r-ZinclnTerconnectandaSemiconductorDevice (ci-Zn) aUoy thin fihn electropUted on tte copper (Q^ 
Sy Formed, filed Feb. 26, 2002;" and » ^^^^^e from a stable chemical soluUon. 

rfivn S L No 10/016 645, entitled "Method of Reduc- Zn^oping thereof, which also unproves .""tewmnert r^ 
^^i^^ i^^iron Coidering Zinc-Doping in an abilit^and corrosion resistance, ajri a sem«x»d»rt^^^ 
I»tcr^™«»t and a Semi- thereby fomied. Tlie pr^nt mettod m'^Kj« eclating 
^SiSSe.cbyFo.med.mcdDec.7.2001." 3. ^y^^^J^^^^^ 

FIELD OF THE INVENTION nontoxic aqueous chemical electroplating sohition contain- 

^ present invention relates to semiconductor de^«s ing of^M^) ^^SaiJiX ^^S^ 
J Vir methods of fabrication. More p^cularly. the agent^ a pH g-^j^' ^^"^ degree of 

Isent invention .elates to the processing of copper mter- « mtenm ^'^^^l^^^^^i^ the Zn^ing is oon- 
^miectmaterialandtheresultamdeviceutdmngtoe^^^ SbA^S^^ ^tropUting conditions; and 
Even more particularly, the I^^'^-T^^" ^eJSg toe ta^ Cu-Zn alloy thin fihn fi,rmed 

reducing electromigration in copper «*"«>'!"f**^f Sf m^ enviromnent such as vacuum, nitrogen 

doping'their «iAce» with a barrier material «smg wet Cuju^- (n,h^ or mi^ UK,reof 
chemical methods. « &tacing the Concentration in the aUoy thm fihn Uyer. 

BACKGROUND OF THE INVENTION for modifying the grain stnicture of the Cu--^alto)^^ 

film as weU as of the underlying Cu surface, and for forming 
Currently, the semiconductor i»dustry isdem«n4ng^^ SdCU.^Zn/Cu interf^; and further electroplatmg the 
anddenserdevices(e.g.,0.(K,«ntoO.K/imy«^ X to film layer with Cu for completely filhng the vi.^ 

an ongoing need for low n^sistancemet^to^n^n^ so ^ ^ intercoms* structure. Tte pre^ejrt 
has sparked research into tovention further provides a particular electroplatmg method 

,:se of barrier metals, stacks, and refractonr wUdi ^n^i L parameters of Zn concentration^ pH, 

atominum's (Al) adequate resistance, other AI P^«^ temt)erature and time in order to form a uniform reduced- 
render it less desirable as a candidate for these h|^^ oX^r-zinc alloy (Cu-Zn) thin film onacathode- 
devices, especially with respert to its depos^o" «f 55 such as a copper (Cu) surface forreducmg 
regions having a high aspect raUo cross^onal Station in the device by decreasing the dnft vetoc- 
research into the use of copper as an interconnect maternl "^^.^ decreases the Cu migration rate m addition 
hasbeen .«visite4«n^rbeingadv«rt.gs«^j«a«j^ ^^^Z void formation rate, 
ekctrical conductor, providing better wettabihty pio>«tag ^ t invention provides a 
adequate el6C.K.migrationre^ce. and pemm^^^ « ^eSof^S a sLLnductor device, having a first 
dep^tional temperatures. Tl« copper (Cu) mteicoMWrt "^'^n tedS^xygsn copper-zinc alloy (Cu-Zn) thin 
ma^al may be deposited by chemical ^^V^r ^P^n ^^^^^^^ (^surface and a second interim 
(CVD). plasma-enhanced chemica vapor depo™ Zi^iw^n alloy thin film formed on a Cu-fiU. 
ipEC^)! sputtering, dectroless pUtmg. «k1 electmlylc ^^^-f^^^^bTilectroplatinga^^ 
pl»*»nB- ^ ■ „ jnt,, the Cu-fill respectively, in a chemical solution. generaUy 
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having a Cu surface, an optional barrier .'ayer aDd^ ^^^^^^tfm^c^i^tyisc^m:^ 
optio'L underlaycr fonn^ >V STo^ bSS char«^.i^cs of tt.e present invention: 

^^^^^^^ -SSrSHsS 

aUoy thin ?-^t^-t'y f°™^,^ C^-^X'^^ 

r^SS-^SUy-'u^n fita und. a g^«s a..ab,y low ^ jl'^S 

T^r^.Tl^Sto^ a of Zn ions from the may be engineered by varying the depositwa parameters as 

SSi^tJ^oy ^littainto the Cu-fiU, and weX as by modifying the bath con.pos.tu.n. 
thereby forming a second interim reduced-oxygen Cu-Zn DESOUPnON OF TOE DRAWING(S) 

anew thin mm compriang the second mterun Cu— Zn auoy " . • , „.f 

fff£««^ r»p5er portion of the Cu-filU planariz- 25 For . better understanding of the present invention rrf- 
S^^i^taterim r6dui«l-o^gen Cu-Zn alloy thin fflm, eience is made to the below-referenced accompanying draw- 
Sl^^^ interim reduced-oxygen Cu-Zn alloy ^ Reference numbers refer to the same or equ.v«Jert 
ZnoXcasLbcc. the optional barrier layer, and the „f present invention thmughout the several figures 

ootional underlayer, thereby forming an encapsulated dual- of the drawings. , 
Maid inteicomiect stmctuie; and completing formation of 30 piG. 1 is a cioss-sectional view of a Cu mterconnect 
the semiconductor device. ^ Hn^ fonned on a semiconductor substrate and iumng as^^^^ 

By electopLating this Oi-Zn alloy thin film on the bottomportionof a via. the via sidewalk compr^mgatk^' 
«Jtodl3 su^ such as a Cu surface using a sUble ^ ^feetric constant layer and at ""^ >^ 
S^sototioninlheprescribedooncentrationrangesand „^ant step layer, the via h^^, "P^^jJ 

by S^ntly an« A the C»-Zn alloy thin film elec- « ^y^, formed therein, an optional underlayer formed 

troplatedon the Cu surface, the present invention nnproyes ^ ^onal barrier layer, and a Cu surface (e^ - » 
S interconnect rcliabiUty. enhances electromigratoon ) fo^j on the optional underlayer. a fl^ mtemn 

^islce. improves corrosion resistance, and reduces alloy thin flhn fonned and j^"^ g 

^S^iing costs. In particular, the present mvention ^ , cu-fill formed on the first mtenm Cu-Zn 

SS3iris«lv.it.»«usinth.titfacililatesfor- « .noy thin film, in accordance with a first embodiment of the 
mationofanac«TtabteCu:-Znanoythinfitaiovera>wde present invention. cuf^^,. 
range of bath compositions v»*ile the subsequent anneahng . piC 2 is a crosMectional view of the featores as 

step removes undesirable oxygpn impurities from the ^ ^ a second mtenm Cu-Zn 

formed alloy thin fihn. The desirable Zn concentration m the ,hi„ ffln, fonned and annealed on the Cu-fill. havii^ a 

Cu-Zn alloy thin film, preferably in a range of appron- 45 ^g^^ ^^wn (Zn-d«>pii«) into an upper portion of toe 
mately 0 2 at. % to approximately 9.0 at % deterrMied by ^ accordance with the first embodiment of the 

X-Ray Photoelectron Spectroscopy (XPS) or Augw Electron javentkm. 

Spectroscopy (AES), is controllable by varymg the electro- piG. 3 is a cross^tional view of the teaturw as 

plating conditions andA)r the bath composihcm. By so con- ^ been planariaed whidi 

{rolling the Zn^oping. the present method balances high 50 ^ encapsulated dual-inlaid inteicomiect structnre, m 
electromigration performance agamst low resistivity j^^^e with the first embodiment of the present inven- 

requirements. Additionally, the Cu surface (e.fr. seed layer). 

being formed by a technique « (4) piG. 4 is a cross-sectional view of the features of HG. 

ion metal plasma (IMP), self-iomzed plasma (Sl^^hollow ^ encapsulated dual-inlaid intercomiect srtruc- 

cathode magnetron (HCM). chemiwl vapor d^tion 55 J^^^^^L a mixed layer, and wherein the mixed layer 
(CVD). and atomic layer deposition (ALD), is enhanced by ^'l^^P^Z annealed and planarized second interim 
K^ZnaUoy thinfllmandispreventedfrometdn^^^ Si-^W thta^ an^^diefet interim Cu-Zn aUoy 
the high PH value (i.e.. basic) of the chemual sohition from Ou^ ^al'oy^^ ^ ^ accordance with the first 

which the alloy thin fihn is formed. ti • a> embodiment of the present invention. 

Further advantages arise from the preset "J^" * « (5) FIG. 5 is a cross^onal view of a Cu interoomiect 
superior m-charactenshcs.TTie present Ctt-^^W^ ^ ) semiconductor substeate and acting as the 

ing solution faciUtates better filhng ^^^^ Stomportionof a via. the via sidewalls comprising a leas 

fihn on an interconnect, especially for ^ * Ztowdielectric constant layer, the via having an optional 

dimensional range of ^VP^^'^\P^^^^rZ 65 ^rkVerformed therein. L optional underiayer formed 
mately 0.05 /«n. thereby lowermg the ''^^^J^, ^e optional barrier layer, and a Cu surface (e.g a seed 
^^S'2f^ZT^^l^T^^^ C)^cmed on the optional underlayer. a first mterun 
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^, c J J 1 J iK^ rii accoidance with the fiist embodiment of the present mven- 

Cu-Zn aUoy thin film formed and annealed °n /he CU ^^^^^^^^^^ 19 is not shown. 

surface.andaCu-Mfotmedfi..tmermi(^-^^ "^ol Sites» in cn,Lection, the features of FIG. 2 

film, the first interim Cu-Zn alloy thm fihn. the Cu-flU, toe "^'^^^^ jj^arf^ed which forms an annealed and 

Cu surface, the optional underlayer, and the optional ban^^r ^SS^nTto^ta. Cu-Zn alloy thin fihn 32 and an 
layer having been planarized to form an intennediate pla- 5 P^^^^.i^,id interconnect structure 35, in accor- 

narized surface, in accordance with a second embodunent oi with the first embodiment of the present invention, 

the present inventioa. optional underlayw 19 is not shown. 

(6) FIG. 6 is a cross-sectional view of the features as 4 ilhistiates, in cross-section, the features of FIG. 3, 

shown in FIG. 5, further having a Cu layer deposited on ttie ^ ena^ated dual-inlaid interconnect structure 
intermediate planarized surface a second interim Cu— Zn w jj„„,priges a mixed layer 32" and the Cu-fill 26, wherein 

alloy thin fihn formed and annealed on the Cu layer, and ^ ^^y^ 32' comprises the annealed and plananzed 

baviiK Zn diffiision down (Zn-doping) through the Cu layer ^^^^ ^g,^ Cu— Zn alloy thin fihn 32 and the hret 

and into an upper portion of the Cn-flll, in accordance with j^^^^ cu^zn alloy thin fihn 30, in accoidance with the 

the second embodiment of the present invention. ^ embodiment of the present invention. Hie encapsulated 

(TtFlG 7 is a cross-sectional view of Figure the fisatures ^ dual-inhid interoinnect stnicture 35 may also compnse the 

as diown "in 6, having been further planariied vAich forms optional barrier layer 10 and the optional underlayer 19 (not 

an encapsulated dual-inlaid mterconnect structure, in accor- shown). 

dance with the second embodiment of the present invention. pjQ 5 fliustrates by example only, a cross-section ot a 

(S)mG Sisacross-sectionalviewofthefeaturesofFIG. intercomiect line 3 formed on a semiMndnctor substr^ 4 

7 wherein the encapsulated dual-inlaid interconnect struc- and acting as the bottom portion of \VtZ'.^^J. 

ir^mprises a miied layer, and wherein the mixed layer sidewalk comprising at ^'^°'^,^J^}^\^^ 

compris^ the amiealed and planarized second intenm layer 8, the via 6 havmg an optiond barner Uyer 10 fom«^ 

Si-aluoy thin film and the first interim Cu-Zn alloy herein, an optional underlayer 19 formed on the optonrf 

tin fihn. and the Cu-fill, in accordance with the second barrier layer 10, and a Cu surface (e*, a *«^J«y«^" 
embodin^nt of the present invention. ^ a thidcness range of approxiinately 100 A to «PP»™«^ 

«?nG 9 is a flowchart of a method for synthesizing a 300 A formed on the optfonal under^ ^^•f^'TZ 

(10) nG. 10 is a flowchart of a method &.nnmg a 30 Cu ^ ^"^J^.gu 26 the Cu surface 20, the optional 
Cu-Znalloythu,fite.onaCBSurfiice.maoconlancewrth Jj^^^J^fi'^^^^a,, ^pji^^al b 

the present inventKm. ..^..rino planarized to form an intermediate planarized surface 28. m 

(11) HG. U is a perspective view of an elecH^latmg ^^^^^ ^ second embodiment of the present raven- 
apparatus using the unique nontoxic aqueous Ui— ^ ^ optional barrier layer 10, comprising at least one 
chemical solution, m accordance with the preswit invention. 35 ^^^^^ selected from a group consisting essentially of 

DETAILED DESCRlFnON OF THE titanium silicon nitride (Ti^iJ^ J, tantaluin nitride (TaN). 

INVENTION and tungsten nitride (W^J has 

, , ^„«^t.r« approximately 10 A to approxunately 30 A and is formed Iqr 

HG. lilhistrates,byexampleonly.acK«-section^aCu /^^^^ ^^h as atomic layer deposition (ALD), atomic 
interconnect Une 3 formed on a semiconductor si*strate 4 « chemical vapor deposition (ALCVD). or chemical 
and acting as the bottom portion of a yw 6, the via • J ^ deposition (CVD). The optional underUyer 19 com- 
sidewalls comprising at least one low dielectnc consiani ^ material selected from a group consisting 

layer 8 and at least one high dielectnc constMit step tayer V. tin (Sn) and Palladium (Pd) in a thickness 

the via 6 having an optional barrier layer 10 formed theran, approximately 10 A to approximately 30 A. 

an optional underlayer 19 formed on the optronal bamer 45 8 j ^strates, m cross-^ction. the featoies of FIG. 5. 
layer 10. and a Cu surface (e.g., a seed layer) 20 in a ^ qu layer 27 deposited on the intermediate 

thickness range of approximate^ 100 A to appj-^-^ K^^^M. « second toterim Cu-Zn alloy thin 
300 A formed on the optional underiayer 19, a fi«t mteim^ gj^^^^ and annealed on the Cu layer 27. and having 
Cu-Zn alloy thin fihn 30 formed and amieried on the Cu r^j^^down (Zn^Ioping) through tiie Cu layer 27 and 
surface 20, and a Cu-flU 26 formed on the fi«t mte«m so „£ £e Oi-fiU in accordance with 

Cu-Zn alloy tiiin fihn 30, m accordance with a fos ^^^Jbodiment of the present invention, 
embodiment of tiie present invention. The of Earner ^^^,^^^^^^^1^^ U.e fcahiresof HG. 6. 
kyer 10 comprises at least one material selected from a nO. 7j™*^ ""r^^ fon^ ^ annealed 

g^up consisting essentially of titanium sdicon mtade h»«ng J^^^^llJ^tofito 32 and an encapsu- 
^Ji^J tanUlumnitiide CraNO,^^^^^^^ « ^d^^^S^^ - ««>'^- 

m&t^k32?^SSc^^^^^^^^ ^these^ndembodimcntofU^preseminventK,. 
mately 30 A and ^ ^^^^-1 laver chemical vapor depo- FIG. 8 illustrates, in cross-section, the features of FIG. 7, 
Sr^).^^^&?d:Xn^C^)-^e wherehi the encaps^ated 

™^;„n.i^,nrfcH.ver 19 comnrises at least one material « 35 comprises a mixed layer 32' and the Cu-fiU 2*. wherem 
fr^^ a S^up ^SSsentiaUy of tin (Sn) and the mixed layer 32- compr^s ^^.-^^^^^^ 
r.ll«li5mi(W)£Lk„essraogeofa^^^^^ 1^°^ St^^iSl^^'^ ^intJ^i^ :Sh^; 

aH)roximately A. . . for i «w.nd embodiment of the present invention. The cncapsu- 

HG.2illostrates.inc.^ction.th^fe^ ^I'^J^ttelnne'ct structure 35 may al» c^^^ 

KSS^:^nrS?-S:i^f"hatj ^d^lon prise Uie optional b^rier layer 10 aiK. the optional under- 
L»n(Zn-dopmg)intoanupperportionoftheCu-fill,26in Uyerl9 (notshown). 
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HG. 9 flowchails, by example only, a method Ml for (02CCH2C(0HXC02)CH2C02)2Zd3X zinc iodide (Zniz), 

synthesiziiig a liter of a unique nontoxic aqueous Cu — Zn zinc L-lactate ((CH3CH(0H)C02)2Zn), zinc nitrate (Zn 

electroplating (chemical) sohition, in accordance with the (^02)2), zinc stearate ((CH3(CH2)i6C02)2Zn), zinc sulfate 

present invention: (ZnSO^), zinc sulfide (2^S), zinc sulfite (ZnS03), and their 

(1) cleaning a mixing vessel (e.g., a beaker) with dilute s hydrates (preferably zinc chloride or zinc dichloride and 
nitric acid (HNO3) for approximately 5 minutes, as citrate), wherein the at lea^ one complexing agent for 
indicated by block lOOl* complexing the plurality of Za ions comprises tartaric acid 

(2) rinsing the mixing vcssLl in deionized (pV) water for (HO,Cai(OipOT(OH)TO^^^ wherein Uie tartmc acid 
appio^ately 5 nLites to approximately 10 minutes Pj^^vents prectpitaUon of the phjxality of Zn ions from the 
and subsequently drying the mixing vessel, for chemical soluUon, wherem the at least oiie copper ((^^ 
instance, uSder a gaseoul nitrogen (GNJ flow, as ^^"'P^f.^ one copper salt selected from a 
indicated bv block 1002- S^^^P consisting essentially of copper(I) acetate 
mmcated by DlocK IWA (CH3CO2CU), copper(II) acetate ((01300^)201). copperG) 

(3) addmg an mitial volume of DI water (e.g., appioxi- bromide (CuBr), copperni) bromide (CuBr^), copper(n) 
mately 400 ml) to the mixmg vessel, as indicated by hydroxide ((MOH)^), copperOI) hydroxide phosphate (Cu, 
block 1003; (OU)m^, copper(I) iodide (Cul), copper(n) nitrate 

(4) adding at least one Cu ion source for providing a ((CuSO^)^, coppei(II) sulfate (CuSO^), copper(I) sulfide 
phirality of Cu ions and stirring the at least one Cu ion (Cu^S), copper(Il) sulfide (CuS), copper(n) tartrate ((CH 
source into the DI water for a duration in a range of (OH)C02)2Cu), and their hydrates (preferably copper 
approximately 5 minutes to approximately 10 minutes 20 sulfate), wherein the at least one complexing agent for the 
or until complete dissolution of the at least one Cu ion plurality of Cu ions comprises at least one species selected 
source in ihs DI water is achieved, as indicated by ft^m a group consisting essentially of ethylene diamine 
block 1004; "EDA" (H2NCH2CH2NH2) and ethylenediaminetetraacetic 

(5) adding at least one complexing agent for complexing acid "EDTA** ((H02CCH2)2NCH2CH2N(CH2C02H)2), 
the plurality of Cu ions and stirring the at least one 2S wherein the EDTA prevents precipitation of the plurality of 
complexing agent until complete dissolution of the at Cu ions from the chemical solution, wherein the at least one 
least one complexing agent in the DI water is achieved, pH adjuster comprises at least one pH-adjusting compound 
as indicated by block 1005; selected from a group of pH-adjusting compounds consist- 

(6) adding at least one pH adjuster and stirring the at least m essentially of ammonium hydroxide (NH4OH) and tet- 
one pH adjuster into the DI water for a duration in a 30 ramethylammonium hydroxide "TMAH" ((CH3)4N0H), 
range of approximately 5 minutes to approximalely 10 wherein the at least one wetting agent comprises a 
minutes or until a dean and tran^aient sohition is surfactant, and wherein the surfactant comprises at least one 
achieved, as indicated by block 1006; surfactant selected from a group consisting essentially of 

(7) measuring the pH of the sohition, and, if the pH is M-610™ a^d polyethjden^ 

'within the desired range, proceeding to step (8), oth- ^ Inthe prefei^embotoent of theche 

erwise titrating the solitfoi with a siall volJune of the composiUon of the method Ml is formulated vn^ compo- 

at least one pH adjuster until the pH fiills within the ^^^^^ conoen^ation ranges as foUows: wherem the at least 

desired range, in essence, returning to step (6), as one zmc(Zn) ion «,ur« is provided in a con^^^ 

indicated bv block 1007- approximately 5 g/L to approxunately 10 g/L (preferably 

, ' . r 40 approximately 10 g/L), wherein the at least one complexing 

(8) adding at least one Zn ion source for providing a agent for complexing the phiraUty of Zn ions is provided in 
phirahty of ^ 10ns and st^ the at least one Zn ion ^ concentration range of approximately 10 g/L to approxi- 
source mto the DI water for a duraUon m a range of 3^ ^ (p^ferably approximately 20 g/L), wherein 
appro»mately 5 inmutes to approxmiately 10 nunutes .^^ ^ ^^^^ ^ ^ 
or untd complete dissoluuon of the at least one concentration range of approximately 5 g/L to approxi- 
wTlS« ^^"^^ ^ ^ (preferably approximately 10 gA^), wherein 
blodc lOOB, jg^^ Qjj^ complexing agent for complexing the 

(9) adding a final volume of DI water (e.g., efi[ecting plurality of Cu ions is provided in a concentration range of 
approximately 1 L in total solution volume) to the approximately 40 g/L to approximately 100 g/L (preferably 
mixing vessel, as indicated by blodc 1009; 50 approximately 80 g/L), wherein the at least one pH adjuster 

(10) optionally adding at least one complexing agent for is provided in a concentration range of approximately 10 g/L 
complexing the plurality of Zn ions and stirring the at to approximately 20 g/L (preferably approximately 15 g/L), 
least one complexing agent until complete dissolution wherein the at least one wetting agent is provided in a 
of the at least one complexing agent in the DI water is concentration range of approximately 0.01 g/L to approxi- 
achieved, as indicated by block lOM^ and 55 mately 0.1 g/L (preferably approximately 0.02 g/L), wherein 

(11) measuring the pH of the solution, and, if the pH is the volume of water is provided in a volume range of up to 
within the desired range, terminating the synthesis, and iiK:luding approximately 1 L, wherein the solution flow 
otherwise further titrating the solution with a small rate is in a range of approximately less than 3 L/min, 
volume of the at least one pH adjuster until the pH falls wherein the solution stir rate is in a range of approximately 
within the desired range, in essence, returning to step 60 less than 700 ipm, and wherein the wafer rotation rate is in 
(10), as indicated by block 1011. a range of approximately less than or equal to 700 rpm. 

In addition, the present invention chemical solution may Also, the preferred embodiment involves the following 

be formulated as follows: wherein the at least one zinc (Zn) process parameters ranges: wherein the at least one pH 

ion source comprises at least one zinc salt selected from a adjuster adjusts the chemical solution to a pH range of 

group consisting essentially of zinc acetate ((CIl3C02)2Zn), 65 approximately 7 to approximately 14 (preferably in a pH 

zinc bromide (ZnBrs), zinc carbonate hydroxide range of approximately 10 to approximately 12), wherein 

(ZnC03*2Zn(OH)2)» dichloride (ZnCy, zinc dtrate the chemical solution maybe maintained in a temperature 
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range of approximately Id** C. to approximately 35° C. a process selected from a group consisting essentially of: 

(preferably at a temperature of approximately 24** C), process (1) comprising the steps of : immersing the annealed 

wherein the Cu surface 20 is immersed for a duration in a Cu-fill 26 in the chemical solution, thereby forming a second 

range of approximately 30 seconds to approximately 120 interim Cu— a alloy thin film 31 on the annealed Cu-fill 26; 

scconds(preferablyforadurationof approximately 60 sec), 5 rinsing the second interim Cit—Zn alloy thin fibn 31 in a 

herein the Cu— Zn alloy thin film 30 is formed having a solvent; drying the second interim Cu— Zo alloy thm film 31 

thickness in a range of approximately 10 mn (100 A) to under a gaseous flow, for instance, under a gaseous n^^^ 

approximately 200 nm (2 A) (preferably having a thickness flow (GN^; ^mnealmg the i?tenm Cu^Zn aUoy thin 

ofapproximaW Kl^'r^ 4^^^^^^^ 

Cu--ZnaUoylhm^^ lO .pp^ximately 150^ C to a^roximately 25^^ 

mately 10 at%andabgh C^conten^^^^^ the annealing step is perfSmcd for a duration range of 

at. % (preferably~l-2 at. % Zn :-98^9 at % Cu). approximately 05 minutes to approximately 60 minutes, 

FIG, 10 flowcharts, by example only, a method M2 of i^wby reducing the oxygen impurity concentration to a 

fabricating a semiconductor device, having a first interim ^y^i ]^ ^ ^^^^ ^^^^j^ isdetectable (ie.,-0.1 at. %) in the 

reduced-oxygen copper-zinc (Cu— Zn) alloy thin film 30 15 second interim Cu— Zn alloy thin film layer 31, diercby 

formed on a copper (Cu) surface 20, the Cu surface 20 modifying the grain structure by increasing the grain size of 

having been formed by CVD, PVD, PECVD or both the second interim Cu — ^Zn alloy thin film layer 31 as 

electroplating, and a second interim reduced-oxygen well as the Cu fill 26, and thereby forming a reduced-oxygen 

Cu — Zn alloy thin film 31 formed on either a Cu-fill 26 or mixed Cu — Zn interface 25', thereby diffusing a plurality of 

a Cu layer 27, both films 30, 31 being formed by electro* 20 Zn ions firom the second interim Cu — Zn alloy thin film 31 

plating the Cu surface 20 and either the Cu-fill 26 or a Cu into the Cu-fill 26, and thereby forming a second interim 

layer 27, respectively, in a chemical solution, initially com- reduced-oxygen Cu — Zn alloy thin film 32 comprising the 

prising the steps of: providing a semiconductor substrate 4 second interim Cu — Zo alloy thin film 31 as well as an upper 

having a Cu surface 20, an optional barrier layer 10, and an portion of the Cu-fill 26; and planarizing, by a technique 

optional underlayer 19 formed in a via 6, as indicated by 2S such as diemical mechanical polishing (CMP), the second 

block 2001; providing a chemical solution, the chemical interim reduced-oxygen Cu — Zn alloy thia film 32, the 

solution comprising: at least one zinc (Zn) ion source for Cu-fill 26, the first interim reduced-oxygen Cu — Zn alloy 

providing a plurality of Zn ions; at least one copper (Cu) ion thin film 30, the Cu surface 20, the optional barrier layer 10, 

source for providing a plurality of Cu ions; at least one and the optional underlayer 19, thereby completing forma- 

complexing agent for oomplexing the plurality of Cu ions; at 30 tion of an encapsulated dual-inlaid interconnect structure 35, 

least one pH adjuster, at least one wetting agent for stabi- as indicated by block 2009(1); and process (2) comprising 

lizing the chemical solution, all being dissolved in a volume the steps of: planarizing the Cu-fill 26, the first interim 

of deiomzed (DI) water, as shown by block 2002; electro- reduced-oxygen Cu — Tn alloy thin film 30, the Cu surface 

plating the Cu surface 20 in the chemical solution, thereby 20, the optional barrier layer 10, and the optional underlayer 

fonmng a first interim Cu — Zn alloy thin film 30 on the Cu 35 19, thereby forming an intermediate planarized surface 28; 

surface 20, as indicated by block 2003; rinsing the first depositing a Cu layer 27, in a thickness range of approxi- 

interim Cu — Zn alloy thin film 30 in a solvent, as indicated mately 3 nm to approximately 50 nm, on the intermediate 

by block 2004; drying the first interim Cu — Zn alloy thin planarized surface 28; immeising the Cu layer 27 in the 

film 30 under a gaseous flow, for instance, under a gaseous chemical solution, thereby forming a second interim 

nitrogen flow (GNj), as indicated by block 2005; annealing 40 Cu — Zn alloy thin film 31 on the Cu layer 27; rinsing the 

the first interim Co — ^Zn alloy thin fihn 30 formed on the Cu second interim Cu — ^Zn alloy thin film 31 in a solvent; 

surface 20 in a temperature range such as 150° C. to 450° C. drying the second interim Cu— Zn alloy thin film 31 under 

(preferably in a temperature of approximately 150° C. to a gaseous flow, for instance, under a gaseous nitrogen flow 

approximately 250*^ C), wherein the annealing step is per- (GN2); annealing the second interim Cu — ^Zn alloy thin film 

formed for a duration range of approximately 0.5 minutes to 45 31 formed on the Cu layer 27, thereby diffusing a phirality 

approximately 60 minutes, thereby reducing the oxygen of Za ions from the second interim Cu — Zh alloy thin film 

impurity concentration to a level less than that which is 31 through the Cu layer 27 and into the Cu-fiJl 26, and 

detectable (i.e^-*0.1 at. %) in the alloy thin film 30, thereby thereby forming a second interim reduced-oxygen Cu — Zn 

modifying the grain structure by increasing the grain size of alloy fiiin film 32 comprising the second interim Cu — Zn 

both the alloy thin fihn 30 as well as the Cu surface 20, and 50 alloy thin fihn 31, the Cu layer 27, and an upper portion of 

thereby forming a first interim leduced-oxygen Co— Zn the Cu-fill 26; and planarizing, by a technique such as 

alloy thin film 30, as indicated by block 2006; filling the via chemical mechanical polishing (CMP), the aimealed second 

6 with Cu on the first interim reduced-oxygen Cu — ^Zn aUoy interim reduoed-oxygen Cu — ^Zn alloy thin film 32, the Cu 

thin film 30, thereby forming a Cu-fifl 26, as indicated by layer 27, the Cu-fill 26, the first interim reduced-oxygen 

bbdc 2007; and annealing the Cu-fill 26, the fiist interim 55 Cu— Zn aUoy thin film 30, the Cu surface 20, the optional 

reduoed-oxygen Cu — Zn alloy thin film 30, the Cu surfiice barrier layer 10, and the optional underlayer 19, thereby 

20, the optional barrier layer 10, and the optional underlayer completing formation of an encapsulated dual-inlaid inter- 

19, the underlayer 19 oompri^ng at least one material connect structure 35, as indicated by bkick 2009(2); and 

selected from a group oonsistipg essentially of tin (Sn) and conq)leting formation of the semiconductor device, as indi- 

palladium (Pd), as indicated by block 2008. The chemical 60 cated by block 2010. In the second embodiment of the 

solution may also further comprises at least one oomplexing present invention, the annealing step also facilitates doping 

agent for complexing the plurality of Zn ions also being of the interim CU—Zn alloy thin film layer 30 with desirable 

dissolved in the vohune of DI water. Sn and Pd impurities from the underlayer 19 which struc- 

The method M2 subsequently comprises the steps of: turally stabilizes the film layer30 by internally increasing its 

subjecting the annealed Cu-fiU 26, the first interim reduced- 65 bond strengths. 

oxygen Cu—Zn alloy thin film 30, the Cu surface 20, the FIG. 11 illustrates, in perspective view, an electroplating 

optional barrier layer 10, and the optional underlayer 19 to apparatus using the unique nontoxic aqueous Cu — Zn 
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chemical solution, in accordance with the present invention. 
In particular, the electroplatiqg step (3) of FIG. 3 step, as 
indicated by block 2003 in FIG. 10, may be performed in 
this electroplating apparatus comprisiag: (a) a cathode- 
wafer 21; (b) an anode 22; (c) an electroplating vessel 23 
such as a beaker; and (d) a voltage source 24. Hie cathode- 
wafer 21 may comprise a Cu suif ace 20. The anode 22 may 
comprise at least one material selected from a groiqi con- 
sisting essentially of copper (Cu), a copper-platinum alloy 
(Cu^^), titanium (I^ platinum (Pt), a titanium-platinum 
alloy ffi— -Pt), anodized copper-zinc alloy (Cu — ^Zn, i.e., 
brass), and platinized titanium (Pt/Ti), and platinized 
oopper-zinc (Pt/Cor— Zn, Le., platinized brass). The brass 
alloy may be anodized to form a thin oside film in situ using 
the chenucal solution 99 prior to electroplating the cathode- 
wafer 21. The anodized brass anode also provides the 
following benefits: (1) a uniform current density d&tribution 
on the cathode-wafei; (2) a uoifonn Cu— Zn alloy thin film 
fonnatioo, (3) a unifoim Zn distribution across the Cu—Zn 
alloy thin film surface, and (4) a uniform Zn distribution 20 
across the Cu — ^Zd alloy thin film thickness. The present 
invention electroplating method also comprises direct volt- 
age in the range of approximately 1 V to approximately 4 V 
(preferably in a voltage ratige of approximately 1 V to 
approximately 2 V); and a direct current in the range of 25 
approximately 0.01 A to approximately 02 A (preferably in 
a current range of approximately 0.1 A to approximately 
0.15 A). Differential pulse conditions selected fiom a group 
consisting essentially of forward pulses, reverse pulses, 
combinations of forward and reverse pulses* combinations 3o 
of direct current, and combmations of direct voltage may 
also be applied. 

I%ther, the Zn-doping in the resultant Qi — ^Zn alloy thin 
film 30 may be controlled in the present invention by 
varying electroplating conditions. For example, increasing 35 
the at least one zinc (Zn) ion source concentration slowly 
increases Zn-doping, increasing the at least one copper (Cu) 
ion source concentration slowly decreases Zn-doping, 
increasing the solution flow rate increases Zn-dc^ing, 
incieasang the pH decreases cathodic efBciency with respect 40 
to Zn and thereby decreases Zn-doping» increa^ng the 
immersing duration slowly decreases Zn-doping, using a Cu 
anode decreases Zn-doping, using a brass anode increases 
Zn-doping, increasing the voltage increases the Zn-doping, 
and inoeasing the current increases the Zn-doping. 45 

Information as herein shown and describod in detail is 
fully enable of attaining the above-described object of the 
invention, the presently preferred embodiment of the 
invention, and is, thus, representative of the subject matter 
which is broadly contemplated by the present invention. The so 
scope of the present inventbn fully encompasses other 
embodiments which may become obvious to those skilled in 
the art, and is to be Unoited, accordingly, by nothing other 
than the appended claims, wherein reference to an element 
in the singular is not intended to mean "one and only one" 55 
unless explicitly so stated, but rather "one or more." All 
structural and functional equivalents to the elements of the 
above-described preferred embodiment and additional 
embodiments that are known to those of ordinary skill in the 
ait are hereby expressly incorporated by reference and are 60 
intended to be encompassed by the present claims. 

Moreover, no requirement exists for a device or method to 
address each and every problem sought to be resolved by the 
present invention, for such to be encompassed by the present 
claims. Furthermore, no element, component, or method 
step in the present disclosure is intended to be dedicated to 
the public regardless of whether the element, component, or 



65 



method step is explicitly recited in the claims. However, it 
should be readily apparent to those of ordinary skill in the art 
that various changes and modifications in form, semicon- 
ductor material, and fabrication material detail may be made 
without departing £rom the spirit and scope of the inventions 
as set forth in the appended claims. No claim herein is to be 
construed under the provisions of 35 U.S.C. §112, sixth 
paragraph, unless the element is expressly recited using the 
phrase "means for." 
What is claimed: 

1. Asemiconductor device, having a first interim reduced- 
oxygen copper-zinc alloy (Cu — ^Zn) thin film foraicd on a 
copper (Cu) surface and a second interim reduced-oxygen 
Cu — ^Zn alloy thin fihn formed on a Cu-fill, both films t>6ing 
formed by electroplating the Cu surface and the Cu-fill, 
respectively, in a chemical sohition, comprising: 

a semiconductor substrate having a via; and 

an encapsulated dual-inlaid interconnect structure formed 

and disposed in said via, said interconnect structure 

comprising: 

at least one Cu surface formed in said via; 

a first interim reduced-oxygen Cu — ^Zn alloy thin film 

formed and disposed on the at least one Cu surface; 
a Cu-fill formed and disposed on said fiist interim 

reduced-oxygen Cu — 7ji alloy thin film; and 
a second interim reduced-oxygen Cu — Zn alloy thin 

film formed and disposed on the Cu-fill. 

2. Asemiconductor device, having a first interim reduced- 
oxygen copper-zinc (Cu — Zn) alloy thin film formed on a 
copper (Cu) surface and a second interim reduced-oxygen 
Cu — Zn alloy thin film formed on a Cu-fiU, both films being 
formed by electroplating the Cu surface and the Cu-fill, 
respectively, in a chemical solution, fabricated by a method 
comprising the steps of: 

providing a semiconductor substrate having a Cu surface 

formed in a via; 
providing a chemical solution; 

electroplating the Oi sur&oe in the ch^ical solution, 
thereby forming a first interim Cu — ^Zn alloy thin film 
on the Cu surfeoe; 

rinsing the first interim Cu— Zn aUoy thin film in a 
solvent; 

drying the first interim Cu — Zn alloy thin film under a 
gaseous flow; 

annealing the first interim Cu — Zn alloy thin film formed 
on the Cu surface, thereby forming a first interim 
reduced-oxygen Cu — ^Zn alloy thin film; 

filling the via with Cu on the fiist interim reduced-oxygen 
Cu — Zn alloy thin film, thereby forming a Cu-fill; 

annealing the Cu-fill, the first interim reduced-oxygen 
Cur— Zn aUoy thin fihn, and the Cu surface; 

subjecting the annealed Cu-fill, the first interim reduced- 
oxygen Oi — Zn alloy thin film, and the Cu surface to 
a process selected firom a group consisting essentially 
of: 

process (1) comprising the steps of: 

electroplating the annealed Cu-fill in the chemical 
solution, thereby forming a second interim 
Cuh—Zn alloy thin film on the annealed Cu-fill; 

rinsing the second interim Cu—Zn alloy thin film in 
a solvent; 

drying the second interim Cu — ^Zn alloy thin film 

under a gaseous flow; 
annealing second interim Cu — Zn alloy thin film 

fonned on the Cu-fill, thereby dififosing a plurality 
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of Zn ions firom the second interim Cu — 7j\ alloy 
thin film into the Cu-fiU, and thereby fonning a 
second interim reduced-oxygen Cu — ^Zn alloy thin 
film comprising the second interim Cu — In alloy 
thin film as well as an upper portion of the Cu-fill; s 
and 

planarizing second interim reduced-oxygen Cu — 7si 
alloy thin film, the Cu-fill, the first interim 
reduced-oxygen Cu — In alloy thin film, and the 
Cu surface, thereby forming an encapsulated dual- lo 
inlaid interconnect structure; and 
process (2) comprising the steps o£ 

planarizing the Cu-fill, the first interim reduced- 
oxygen Cu — Zn alloy thin film, and the Cu 
surface, thereby forming an intermediate pla- 15 
narized surface; 

depositing a Cu layer on the intermediate planarized 
surface; 

electroplatipg the Cu layer in the chemical solution, 
thereby forming a second interim Cu — ^Zn alloy 20 
thin film on the Cu layer; 

rinsing the second interim Cu — ^Zn alloy thin film in 
a solvent; 

drying the second interim Cu — Zn alloy thin fihn 
under a gaseous flow; 2S 

aiuealing second interim Cu— Zn alloy thin film 
formed on the Cu layer, thereby diffiising a plu- 
rality of Zn ions &om the second interim Cor— Zn 
alloy thin film through the Cu layer and into the 
Cu-fiU, and thereby f(»ming a second interim 30 
reduced-oxygen Cu— Zn alloy thin fihn comprise 
ing the second interim Cu — ^Zn alloy thin film, the 
Cu layer, and an upper portion of the Cu-fill; and 

planarizing the aimealed second interim reduced- 
oxygen Cu — aUoy thin film, the Cu layer, the 35 
Cu-fiU, the first interim reduced-oxygen Cu—Zn 
aUoy thin film, and the Cu surface, thereby form- 
ing an enci^>sulat6d dual-inlaid interconnect struc- 
ture; and 

completing formation of the semiconductor device. ^ 

3. A device, as recited in claim 2, 

wherein the chemical solution is nontoxic and aqueous, 
and 

wherein the chemical solution comprises: 
at least one zinc (Zn) ion source for providing a 

plurality of Zn ions; 
at least one copper (Cu) ion source for providing a 

plurality of Cu ions; 
at least one complexing agent for complexing the 

plurality of Cu ions; 
at least one pH adjuster; 

at least one wetting agent for stabilizing the chemical 
solution, all being dissolved in a volume of deion- 
ized (DI) water. 

4. A device, as recited in claim 3, wherein the at least one 
zinc (Zn) ion source comprises at least one zinc salt selected 
from a group consisting essentially of zinc acetate 
{{CR^CO^^^Zji), zinc bromide (ZnBrj), zinc carbonate 
hydroxide (^C0j:7Zn{0lt)^, zincdichloride (ZnQa), zinc 
citrate {{O^CCR2^^^^2f^^2k^^* zinc iodide 



(Znlj), zinc L-lactate ((CH3CH(0H)C02)2Zn), zinc nitrate 
(Zn^03)2), zinc stearate ((CHsCCiyieCOj)^), zinc sul- 
fate (Z0SO4), zinc sulfide (ZnS), zinc sulfite (ZnSOa), and 
their hydrates. 

5. A device, as recited in claim 3, wherein the at least one 
copper (Cu) ion source comprises at least one copper salt 
selected from a group consisting essentially of copper(I) 
acetate (CH3CO2CU), coppcr(II) acetate ((CHsCOa^jCu), 
copper(I) bromide (CuBr), oopper(lI) bromide (CuBrj), 
copper(II) hydroxide (Cu(0H)2), copper(II) hydroxide 
phosphate (Cu2(0H)P04), copper(I) iodide (Cul), copper(n) 
nitrate {(Coi^O^y copper(IQ sulfate (CuSO^, copper(I) 
sulfide (Cu^S), copper(II) sulfide (QiS), oopper(II) tartrate 
((CH(0H)C0^2^), and their hydrates. 

6. A device, as recited in claim 2, 

wherein said electroplating step comprises using an elec- 
troplating apparatus, and 
wherein said electroplating apparatus comprises: 

(a) a cathode-wafer; 

(b) an anode; 

(c) an electroplating vessel; and 

(d) a voltage source. 

7. A device, as recited in claim 6, 

herein the cathode-wafer comprises the Cu surface, and 
wherein the anode comprises at least one material selected 
from a group consisting essentially of copper (Cu), a 
Goppa--platinum alloy (Cu — Pt), titanium (Ti), plati- 
num (PtX a titanium-platinum alloy (Ti — Pt), an anod- 
ized copper-zinc alloy (Cu — Zn), a platinizied titanium 
(Pt/Ti), and a platinized copper-zinc (Pl/Cu^Zn). 

8. A device, as recited in claim 2, 

wherein said semiconductor substrate further comprises a 
barrier layer formed in the via undo* said Cu surface, 
and 

wherein the barrier layer comprises at least one material 
selected from a group consisting essentially of titanium 
alicon nitride (liJSi^J, tantalum nitride (DaN)» and 
tungsten nitride (W^N^). 

9. A device, as recited in claim 8, 

wherein said semiconductor substrate fiirther comprises 

an underlayer formed on the barrier layer, 
wherein said underlayer comprises at least one material 

selected from a group consisting essentially of tin (Sn) 

and palladium (Pd), and 
wherein said Cu surface is formed over said barrier layer 

and on said underlayer. 

10. A device, as recited in daim 9, 

wherein said underlayer comprises a thickness rangi& of 
approximately 10 A to approximately 30 A, 

wherein said barrier layer comprises a thickness range of 
approximately 10 A to approximately 30 A, 

wherein said Cu surface comprises a thickness range of 
approximately 100 A to approximately 300 A, and 

wherein said first interim Cu — ^Zo alloy thin film com- 
prises a thickness range of approximately 100 A to 
qrpioximately 2000 A. 



iniiiiiiiiiiiiii 

US006486533B2 

(12) United States Patent m Patent No.: us 6,486,533 B2 

Krishnamoorthy et al* (45) Date of Patent: Nov. 26, 2002 



(54) MEIALIIZATION STRUCTURES FOR 

MICROELECTRONIC APPUCATIONS AND 
PROCESS FOR FORMING THE 
STRUCTURES 

(75) laventors: Ahlla Krishnamoorthy, Menands, NY 
(US); David J. Duquette, Loudonville, 
NY (US); Shyam P. Murarka, Qifion 
Park, NY (US) 

(73) Assignee: Semltool, Inc^ Kalispell, MT (US) 

( * ) Notice: Subject to any disclaimer, the teim of this 
patent is extended or adjusted under 35 
U.S.C 1540>)byOdays. 

(21) Appl. No.: 09/990,019 

(22) Filed: Nov. 21, 2001 

(65) Pdor Publication Data 

US 2002AX)5062S Al May 2, 2002 

Related U^ Application Data 

(62) Division of application No. 09/386,188, filed on Aug. 31, 

1999, which is a coadnuatioa of application No. FCT/US99/ 

14939, filed on Jun. 30, 1999. 
(60) Provisional application No. 60/091,691, filed on Jun. 30, 

1998, and provisional appUcation No. 60/114,512, filed on 

Dec 31, 1998. 

(51) Iht aJ HOIL 27/082; HOIL 27/102; 

HOIL 29/70; HOIL 31/11 

(52) U&a 257/586; 257/661 

(58) Field of Seaich 257/33, 37, 586, 

257/661, 662, 663, 750, 758, 759, 760, 

501 

(56) References Cited 

U.S. PATENT DOCUMENTS 

3,378,066 A 4/1975 DettkeetaL 

3,904,493 A 9/1975 Loa et aL 

4/)55,751 A 1(V1977 Bussmann et aL 

4,090,926 A 5/1978 Matson 



4,132,605 A 

4,146,437 A 

4,181,760 A 

4,235,648 A 

4,917,774 A 

4,948,473 A 

5,028,560 A 

5,098,544 A 



1A979 Tench etaL 

3/1979 O'Keefe 

1/1980 Feldstein 

11/1980 Richaidson 

4/1990 Fisher 

8A990 HiilUi^ 

7/1991 Tsukamoto et al. 

3/1992 Biannanetal. 



(List continued on next page.) 
FOREIGN PATENT DOCUMENTS 



JP 



WO 200005747 



2/2000 



OTHER PUBUCAnONS 



Lowenheim, FA., Electroplating, McGra^Hill Book Co., 
New York, pp, 120-121, 1978. 

Willard, H.H., et al.. Instrumental Methods of Analysis, 5* 
ed., VanNostrand, New Yoris, 1974, pp. 647-^56. 

Primary Exammer—Gdyid Nelms 

Assistant Examiner-— Phvc T. Dang 

(74) Attorney, Agent, or Firm— Christensen O'Connor 

Johnson Kindness PLLC 



(57) 



ABSTRACT 



A metallized structure for use in a micioelectromc circuit is 
set forth. The metallized shncture comprises a dielectric 
layer, an ultra-thin film bonding layer disposed exterior to 
the dielectric layer, and a low-Me concentration, copper-Me 
alloy layer di^osed exterior to the ultra-thin film bonding 
layer. The Me is a metal other than copper and, preferably, 
is zinc. The concentration of the Me is less than about 5 
atomic percent, preferably less than about 2 atomic percent, 
and even more preferably, less than about 1 atomic percent. 
In a preferred embodiment of the metallized structure, the 
dielectric layer, ultra-thin film bonding layer and the copper- 
Me alloy layer are all disposed immediately adjacent one 
another. If desired, a primary conductor, such as a film of 
copper, may be formed exterior to the foregoing layer 
sequence. The present invention also contemplates methods 
for foraiing the foregoing structure as well as electroplating 
baths that may be used to deposit the copper-Me alloy layer. 

46 Claims^ 14 Drawing Sheets 
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Figure 5 : Polarization curves in test solutions 

containing 45 g/1 ZnS04 and 0 to 5 g/1 
CUSO4 
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Figure 6 : Polarization curves in test solutions 
containing 45 g/1 ZnS04 and 0 to 5 g/1 
CUSO4 
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Figure 7 : Polarization curves in test solutions 
containing 40 g/1 ZnS04 and 5 - 10 g/1 
CUSO4 
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Figure 8 : Polarization curves in test solutions 

containing 35 g/l ZnS04 and 5 - 15 g/l 
CUSO4 
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Figure 9 : Polarization curves in test solutions 

containing 30 g/i ZnS04 and 5 - 1 5 g/1 
CUSO4 
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Figure 10: Polarization curves in test solutions 
containing 25 g/1 ZnS04 and 5 - 20 g/1 
CUSO4 
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Figure 1 1 : Polarization curves in test solutions 
containing 20 g/1 ZnS04 and 0 - 20 g/1 
CUSO4 
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Figure 12 : Polarization curves showing the effect 
of ammonia and ethylene diamine 
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Figure 13 



Polarization curves showing the effect 
of addition of small quantities of 
copper 
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MEmmzAnoN structures for ^r^rTS^v"^ 

^^^^l^^^^r and a low-K, dielectric shoidd be utilized in the manufacture 

^ of high-performance integrated circuits, 

mn^ REFERENCE TO RELATED To meet the foregoing criterion, copper interconnect lines 

^^^'^^SimS within a low-K, dielectric will likely replace alummum- 

ATi-ui^iui^c, ^ dielectnc as the most 

This application is a divisional application of U.S. appli- preferred interconnect structure. Sec "Cbpper Goes Main- 
cation Ser. No. 09/386,188, filed Aug. 31, 1999, which is a ^^^^^^ ^o^.^^ to FoUow", Semiconductor International, 
continuation appUcation of International PCTPatent Apph- November 1997, pp. 67-70. Resistivities of copper films arc 
cation No. PCT/US99/14939, designating the U.S., filed ^ j^nge of 1.7 to 2.0 /iQcm. ^e resistivities of 
Jun. 30, 1999, and published in English under PCT Article ahiminum-alloy films are higher in the range of 3.0 to 3.5 
21(2), which claims priority from U.S. patent application 

Ser No 60/091,691, filed Jun. 30, 1998, and U.S. patent Despite the advantageous properties of copper, several 

application Ser No. 60/114,512, filed Dec. 31, 1998. problems must be addressed for copper interconnects to 

become viable in large-scale manufacttiring processes. 
BACKGROUND OF THE INVENTION Diffusion of copper is one such problem. Under the 

* J — «,Ki- influence of an electric field, and at only moderately elevated 

be foimed within the dielectric nid«<fc thm-fflm res|sto« 25 "P37"°^"^^^^^„^g atmosphere. Oxidized 
and cp^ators. lypicdly. more th<m 100 ^^S^^^'^ % ^ S"^" rende^ non^onductive and 

die ac chips) are constructed on a fmgte « ""^h <l«^?f ' Zih l^^nt carrying capability of a given 

T^X L or -e^f of -^^^^^ 30 oon-o:^^^ ^^^^ ^ 

successive levels separated by a didectric lay^^ ^ j r ^ ^ ^ multi-layer, 

employed as intercomiections. The metalhzaUon used to ^iret^t stmcLe with dielectric materials. Using 

form such intercomiecis likewise has y^^^^^ SnS i^^^pper deposition, copper adheres 

formation of discrete mte,elecUomc components^ ^ oS weSl^^^^ ^erialT 

read/write heads, on other sutetrate materials. In current 35 ^^^^y^^^^ fo^ ^olatUe haUde 

practice,analuminumalloyandsihconoxidearet^^ comZ^ di^^ etching of copper camiot be 

used for, respectively, the conductor and dielertnc^ TS^;^n fiuTJ pattemingTcopper. Z such, copper 

Delays in propagation of electncal signa^ between ^ difficult to use in the increasin^y smaU geometries 

devices on a single dice limit the performance of integrated ^ advanced integrated circuit devices, 

circuits. Such delays in propagation also limit the p^or- semicoaiuctor industry has addressed some of the 

mance of discrete microelectronic components. More fo^gow problems and has adopted a generally standard 

particularly, these delays limit the speed at which an mte- ^^^^^^ architecture for copper interconnects. To this 

grated circuit or microelectronic component may process or industry has found that fine-line patterning of 

otherwise conduct these electrical signals. Larger propaga- ^^^^^ ^ ^ accomplished by etehing trenches and vias in 

tion delays reduce the ^ced at which the mtegrated circuit ^ ^^lectric, filling the trenches and vias with a deposition of 

may process the electrical signals, while smaller propagaUon ^^^^^ ^ removing copper from above the top surface of 

delays increase this qjeed. Accordingly, integrated aicuit ^^^^^^ by chemical-mechanical polishing (CMP). An 

manufacturers sedt ways in which to reduce the propagation ^^j^^^aofA architecture called dual damascene can be 
dekys. 50 employed to implement sudi an interconnect structure and 

For each interconnect path, signal propagation delay may (hereby form copper lines within a dielectric, 

be characterized by a time delay x. See E. H. Stevens, ^ ^^^^ processes in the formation of the 

//ircicowwcf Tccftnoir®', QMC, Inc., July 1993. An approxi- ^ual-damascene architecture is particularly troublesome, 

mate expression for the time delay, x, as it relates to the j^^^ particularly, deposition of thin, uniform bamer and 

traiBmission of a agnal between transistors on an integrated ^^^^^ y^^^ aspect ratio (depth/diameter) vias and 

circuit is given by the equation: high aspect ratio (depth/width) trendies is difficult. The 

upper portions of such trendies and vias tend to pinch-off 

x^i+iVs^r/^sAr)] before the respective trendi and/or via is completely filled or 
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oarlicularly. Ihe present inventois have determined that 
SSSof ztoc tS copper in very low quanUti<» assists in 
solving the difiusion and self-passivation problems and, 
tother! have suggpsted a metaUizalion structure that takes 
advantigp of these quaUties. StiU further, the prwent mven- 
tors hw developed an electroplating process thM may be 
«ied to depodt the copper/zinc alloy that ^^V^^^^ 
conjunction with the other processes employed to form the 
proposed metallization structure. 

BRIEF SUMMARY OF THE INVENTION 
Ametallized structure for use in a microelectronic drcmt 
is set forth. The metallized structure comprises a dielectric 
bver an ultra-thin film bonding layer disposed extenor to 
tte «Belectric Uyer, and a tow-Me concentraUo^ copper-Me 
S^layer dis^ exterior to the ultra-thm film tondmg 
Uya. lie Me is a metal other than copper and, preferably, 
fa zinc. Tbe concentration of the Me is less than about 5 
atomic percent, preferably less than about 2 atomic per«nV 
LdevTmore preferably, less than about 1 fniic percent 
In a ureferred embodimait of the metaUized stmcture, the 
diefeSric Uyer. ultra-thin film bonding layer and the copper- 
Me alloy layer are all disposed immediately adjacent one 
another If desired, a primary conductor, such as a film ot 
anoiner. u . f ^J..^ ,„ foreeome layer 



10 



IS 



•• 20 



oresent inventioa As iUuslrated. Ihe metallization structure 
K gSly .t20. comprises aplurality of thm layers of 
SS^ve material deposited exterior to ^d, preferably 
Sr^tly on a dielectric layer 25. In the ^flc embodiment 
here, the dielectric layer 25 is disposed extenor to 
^^refcrably. on a substrate 30, such as a sdicon semi- 
S^r wafer. It will be recognized that the meta»» 
^Sttcture 20 may be disposed exterior to a wide range of ttun 
STlayer and/or substrate material types and, further, may 
be coiKtructed to conform to various surface geometries. 
Tbc metallization stmcture 20 thus has apphwhihty to 
diverse dasses of mictoelectronic components and/or mter- 

connects. ^ i, 

Hk composition of the dielectric layer 25 is generally 
dependent onUie function of the metallizaton structure 20. 

the metallization structure 20 is used to implement a 
post or line of an electifcal interconnect networMhe dielec- 
layer 25 fa preferably comprised of a lowK matenal. 
When the metallization structure is used to implement a 
dfacrete microelectronic component such as a "paator 
however, the dielectric Uyer 25 fa preferably comprised of 
mal«W- To inc^ »^»'^ ^c'^f " ""l^'^" 
tricUyer 25 and a subsequent layer, sudi as ultra-thm 
bondinUyer3^thes„rfa«ofthe^^^ 



ZZ'^"^ ap^W conductor, S&Ta^-^"^-^^^ 



copper, may be lormea cxicnui --^-e. — o . 
^nk lie present invention also contemplates methods 
tofonning the foiegoing structure asweU as elecfrop latmg 
baths that may be used to deposit the oopper-Me alloy layer. 
BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 
HG 1 illustrates a multilayer metallization structure con- 
structed in accordance with one embodiment of the present 

invention. . . . _ 

FIG 2 is a chart showing the relationship between 

resistivity of a copper-zinc alloy layer as a fimcUon of the 

annealing temperature. 

HGS 3Aand 3B are charts illustrating the effect of pulse 

parameters on the resistivity of an electrochemicaUy depos- 

r . . n i..~...wk<i<:hM>nctencsitedusmean 



30 



subiecttoanaanesioiipiuu»»«^i" - - 

dielectric surface may be subject to treatment in an atmo- 
srt.^ havtog a high ozone content. Alternatively, some 
form of mild medianical or diemical abrading process may 

be used 

As shown in ¥10. U the metallization slriKtere 20 is 
comprised of an ultra-tto fihn. bonding jMgr.Md^P"^ 
exterior to the dielectric layer 25. a low-zmc co-c^^!™^; 
copper-zinc alloy layer 40 dfaposed extenor to tbe ultta-ton 
Z^nding U^er 35, and an optional prtmaiy cond^ve 
„ layer 45 disposed exterior to the copper-zmcaUoy layer 40 
Kprefe3embodimentinustratedhe«innG.l.ea^^^^^ 

^^^^^ . ^^^^^^'^^^^^ 

'^-S^T:^^^^^^^-.^^^ '-^i:!i^^^^S>nsorincipaUyasana^ 

FIG. 5 fa a graph iUustrating the poUnzatu,n behavior of J^^^'^^^^^^^fii^SrW^lSr 

a copper rod in copper sulfate sotations. Sfei^c IweS Tl« Ser barrietcharacte^^ 

FIGS. 6-n are graphs illustrating the cathodic poUim- so ^^^JT'^;^^^^^riny not as important .as its 

tion of a copper roJ in plating solutions contammg v.r««s bo^j^^^H^-^^ Tolhe- inherent selt- 

• ' ■ ' pL^ion and copper-confinement P'of °* 

Lpper-zinc alloy layer 40. ne present mventorshave found 

55 Sr«)nducting materials that will bond with the dielednc 
Zi provide the requisite adhesion will ako normaUy bond 
weU with the copper of the copper-zinc alloy layer 40. Many 
such materials, however, have higher resfetivities than cop- 
per. Since an ultra-thin Uyer of the bondmg material b used, 

*^ - , 1 ic Tint ciffnificantlv oon- 



quantities of zinc and copper sulfate. 

HG 12 is a graph illustrating the polarization response ot 
copper in a solution containing 1 g/1 of copper sulfate and 
others solution constituents. 

FIG 13 is a graph illustrating polarization curves lor 
plating solutions containing 45 gA ZoSO, and vanous 
quantities of CuSO^. 
HG 14 illustrates the composition of an electrochemi 



quannnes on-uc»v/4. per.smoeanuiira-iuiu wj" "~>'™ — °. „ , ^„ 

no. 14 mustrates the composition of an electrochemi- ^ Ending layer 35 jloes.not^significyiUy con-. 

caSd«V«dted layer that was deposited cm a copper rod^^ K> t^ the.resfatlnce of the multiayer metalhzation 

^ *\ . , J... u^M^^ni of the disclosed alloy ^;rT^ x " ^ ' ^,-1 «*.taic anH allnvs mav be used 



cally deposited layer mai wai» uchv«i^^ — - — rr- - 
tests conducted with one embodiment of the disclosed alloy 
electroplating solution. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG 1 illustrates a multilayer metallization structure 
constructed in accordance with one embodiment of the 



structure 20T^5sucS,s^eralmeta]san^^^ 
IS the bonding layer matenaLJliese include. Al. B, Hi^^la, 
Ti. Zn. (£m SiC. TiZn. V, Nb, Sb, Sn. mtndes. carbides. 
65 bS^sJ!^factorymetab,andmetamc«n^^ 

Generally stated, the bondmg Uyer matenal max^^qy. 
^Udo^aUo^ with.a 1^ frws^ergy.of J^a- 
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resktance of the meUUization stwctore 20. Tbe above such tempeiatures,rt has l^nfow^w oep 

TlH^t &6 zinc oonlent in the alloy, the greater is the ^^emical senes i^^j^-^^^^Z^t^sm). In «• 

X^Se 20 inlude a larger proportion of h.^ U,e '^^'Zl^^^ni^ « 
£ets . . ^ nreferablv around about 1 atomic percent, and below. 
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in the elecUochemical deposition of other copper-based 
aUoys used for the aUoy layer 40 of structure 20. In 
accordance with a preferred composition of the sohition, the 
solution includes the following constituents: 

TABLE 1 



CONSnrUENT 


UUrKJCNI MUM iwn 


FUNCTION 


MeS04 


1(M0 g/1 


Used as a sowoe of 


metal. Me, that is to be 






aUoycd with tbe copper 






(Me - zinc, alnnn'tnim. 






boron, magnesium, Ce, 






etc.) 


CUSO4 


5-20 g/1 


Used as a source of 


copper for tin metal alloy 




2(M0 gA 


Used 85 a complezing 
agent 


Addition agent 


0.1-1 mI/1 


Preferably, ED or EDTA, 
serving as both a wetting 






agent as well as a 






oon:q>le3dng agent 
(optional constituent) 


NII4OH 


50-100 ml/l 


Used to adjust the pH of 
the solution, which 






shoold be mnintT"'"**^ 






betweenapHof aboatS 






to a pH of about 11. This 






constituent also functions 






as a oonqdexing agpnL 
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sulfate arc iUustrated in FIGS. 6-11. When the ratio of zinc 
to copper is in the rangp 8:1 to 5:1, the polarization curves 
go through three minima, the first one at the highest negaUve 
potential corrc^nds to zinc deposition/dissolution, the 
other two correspond to a steady state region of alloy ot 
copper and zinc. The increase in copper content in solution 
shifts the curves upwards to more positive potentials. 
Though the ratio varies, the total amount of copper in aU 
these examples is the same: 5 g/L Only when the coR^r 
concentration is increased from this level to 10 g/I (in 30:10 
combination, where the ratio is 3:1. but total copper sulfate 
concentration is 10 g/1), do the two minima at negative 
potentials disappear and leave only one SSP at high positive 
potential. This is due to the fact that the sohition attains a 
15 copper dissohition/deposition equiUbrium. TWo parameters 
were thus identified: the ratio of copper sulfate to zmc 
sulfate in solution and the concentration of copper sulfate. 
Unless the copper concentration is increased above 10 g/1, it 
does not appear to be possible to avoid the minima at higher 
20 negative potentials. By increased addition of copper to zmc 
sulfate (Ratio 1:1 and copper at 20 g/1 level), the current is 
not increased significanUy. This is due to complexation, but 
there is an advantage of stability of the solution where the 
concentration decrease due to plating may not change the 
25 current density significantiy. Thus it is best to utilize a 
composition that allows the sohition to work over a wide 
range of potentials to obtain the same com^sition of the 
deposit. 

FIG. 12 shows the polarization response of copper in a 



riVJ. ouvwa *■ r 



layer 40 havtog a low resistivity (e.g., 1.8-2.4 llZ^^flteT^rtfon'of 'Xylene amine wmplexes of 

while dso having the d«^l<f''lf?°" foLSSTto SL ion. Whenever a complex 

copperconfinen>entproperties.Preferably.thed^^^ fo^ffo^S (T^ ^on of metal ions with coordinat- 

uang a constant potential (a. opposed to a constant cunent) » mn « " ^ .^ivity of metal ions is 

wav!form.Tl.eplatingpotendaI»sedispreferably^^^^^^ "|2^S^^t^Csitil>n potential. TTie 

300 mV and 900 mV cathodic. Although a DC plating ovc^tential and decreases 
waveform may be used, it is preferable to have a forward 

pubed waveform, ^forv^pu^^^^ « ^lS^^;tS.Sr«»^»nrine is present, the 

an on/off cyde of 50/20 msec _to90A0 b^c^ P^cu^^^ PO ^ _^ ^ j_ ^ p^,,„. 



good via and trench microstracture filling results when a 
waveform of 0.6/03 msec is used. 

FIGS. 3A and 3B are charts ilhistrating the effect of pulse 



Steady sUte potential is around -1 V (SCE). Thus at poten- 
tials more negative to this, deposition of copper is possfcle. 
When ammonium hydroxide is present in test sohiUon, the 
SSP is depressed to a higher negative value, to -0.47 



parameters on the resistivity of the resultmg copper-zmc indicates that the complex fiormed with 

aUoy layer, while HG 4 is a chart illustrating the effect of ^ ^ ^ „,g^ tentials. 



pulse parameters on the zinc composiUon of the resultmg 
layer. The rightmost pulse parameter results illustrated m of 
each of the figures inchided plating waveforms havmg 
reversepulsesaswellasforwardpulses.Ascanbeseenfrom 
FIG. 4, the zinc content of the alloy may be mampulated by 
varying the pulse parameters. 

Although an inert anode may be used in the deposition 
process, a consumable anode> preferred. The consumable 
anode may be comprised of pure copper or of cop per- 
phosphorous, with the copper-ptiospnorus anbde providing 
better microstmcture filling and better copper-alloy layer 
characteristics. 

Various tests were performed to characterize the particular aeposiuon/uj2««iuuuu ,«Aiotinn 

coostituente used in the foregoing electroplating sohition. ^ zinc, copper and/or an alloy of these metals. Tlie reduction 
^T^SeThe polSLtio 'behavior of a copper rod in nf zinc comnlex to zinc occurred at potentials negative to 
copper sulfate solutions is shown in FIG. 5. Increasmg the 
cOTcentration of copper in tiie bath shifted the SSP (Steady 
Stete Potential) to tiie anodic side. There did not appear to 
be any hydrogen evolution in tiie potential range studied. 

The cathodic polarizations of a copper rod in plating 
solutions containing various quantities of zinc and copper 
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ammonia can be reduced only at higher negaUve potentials. 
The foUowing equations represent the sequence of reactions 
that lead to tiie deposition of copper from complexes. 

Oi'*44NH3-[Cu(NH3)4r 
[Cu(NH3)4f*+2«--Kii+NH3 

[Qi(ED)2f*+2tf--^+2ED 

FIG. 13 illustrates tiie potentiodynamic polarization 
curves in plating solutions cqntdnmg 45 g/1^ ZnS94 a^^^^ 
various quantities of CuSp4..3^e curves show active 
depositionMissolution regions that correspond to that of 
zinc, copper and/or an alloy of these metals. Tlie reduction 
of zinc complex to zinc occurred at potentials negative to 
-13 V (SCE) when tiie baUi contained only zinc sulfate and 
no copper sulfate. TTie addition of 1 and 2 g/1 copper sulfate 
resulted in this potential shifting to more anodic values, to 
-1.2 and -1.0 V (SCE) respectively. The steady state region 
tiiat corresponds to that of pure zinc was masked by tiie 
simultaneous copper deposition. The extent to which tins 
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occurred depended on the amount of copper in the bath. 4. A metallized structure as set forth in claim 1 wherein 

Thus even before zinc that deposited at higher potentials the Me content of the coppcr-Me alloy layer is less than or 

dissolved, copper/copper alloy started to deposit. To observe equal to about 5 atomic percent. 

the cross section of tfie cathodically polarized specimens, 5. A metallized structure as set forth in claim 1 wherein 

the experiment was terminated when the current in the 5 the zinc content of the copper-Me alloy layer is less than or 

calhodic region went below 100 //A (approximately at -0.5 equal to about 2 atomic percent. 

V SCE). 'fte ^dmen was then polished to observe the 6. A metallized structure as set forth in claim 1 wherein 

layers from surface to inside. As illustrated in FIG. 14, the the zinc content of the copper-Me alloy layer is less than or 
layers were seen to be copper, Cu — Za alloy, andl. zinc as^^ equal to about 1 atomic percent. 

viewed from from the deposit surface to copper rod/deposit 7. A metallized structure as set forth in claim 1 wherein 

interface. the ultra-thin bonding layer has a thickness between about 

The electrochemical deposition of the copper-zinc alloy 10-20 angstroms, 

layer 40 may bcJmplemented in a yride^range of .elecljIOb. 8. A metallized structure as set forth in claim 7 wherein 

p lating reactoL lype^. An integrated processing tool that the ultra-thin bonding layer has a thickness of less than about 

incorporates one or more electroplating reactors that are 15 aogstioms. 

particularly suitable for implementing the foregoing elec- 9. A metallized structure as set forth in claim 1 wherein 

trochemical deposition process is avaflable firom Semitooly the ultra-thin bonding layer is comprised of a metal. 

Inc., of Kaiispeli, Mont Such tools are sold under the brand 10. A metallized structure as set forth in claim 1 wherein 

names LT-210™ and Equinox™ and are readily ad^ted to the ultra-thin bonding layer is comprised of a metal alloy, 

implement a wide range of electroplating processes used in 11. A metallized structure for use in a microelectronic 

the fabrication of microelectronic circuits and components. 20 circuit, the metallized structure comprising: 

Advantageously, the reactors employed in these tools rotate a dielectric layer; 

a woikpiece during the electrochemical deposition prooess, an ultra-thin film bonding layer disposed exterior to the 

thereby enhancing the uniformity of the resulting film. It is dielectric layer; and 

preferable to rotate a workpiece when depositing the copper- g low-zinc concentration, copper-zinc alloy layer dis- 

zinc alloy layer 40 (or other alloy layer) onto the workpiece. 25 posed exterior to the ultra-thin fihn bonding layer. 

To further enhance the quality of the resulting copper-Zn 12. A metallized structure as set forth in claim 11 and 

alloy layer 40, the elecfrocbemi^d^ition reaction ^^^^ comprising a primary copper conductor disposed 

chamber(s) of these^tools may be Jtted with an ultrasonic exterior to the low-zinc concentration, copper-zinc alloy 

generator that provides ultrasonic energy to the electroplat- j^y^^ 

ing solution during the electrochemical deposition process to ^ 13* ^ metallized structure as set forth in claim 11 wherein 
thereby enhance the desired diaracteristics of the resulting dielectric layer is formed from a tow-K dielectric male- 
alloy layer. rial. 

In addition to electroplating reactors, such tools fre- 14. A metallized structure as set forth in claim 11 wherein 

quently include other smcillaryprocessmgc^ ^1,^ dielectric layer is formed from a high-K dielectric 

for eicample. pre-wetting chambers, npsme: c flapifffliv t material 

^»^^^PV^'^.P'°^^yS'^y'^*^ 35 15.Ametallized structure assetforth in claim U wherein 

with electrochemical deposition. Seimconductor wafers, as . . ♦ ♦ r*k ii„„ i«, - ♦u— 

weU as other microelect^oMc workpieces, are processed in zmc content of the copper-zmc aUoy layer is kss than or 

such tools one-byK)ne in the reactors and are transfen^ ^^^"^^^ P^^«°>- . u . - ^ - 

between the processing stations, as well as between the 16. A metallized structure as set forth m claim 11 wherem 

processing stations and input/output sUtions, by a robotic 40 ^® ^mc content of the copper-zmc alloy layer is less than or 

transfer mechanism. The robotic transfer mechanism, the ^^^^ about 2 atomic percent. 

electroplating reactors and the plating recipes used therein, 17. A metallized structure as set forth in claim 11 wherein 

as well as the components of the processing chambers are all tbe ^inc content of the ccpper-zinc alloy layer is less than or 

under the control of one or more programmable processing equal to about 1 atomic percent. 

units. 45 18. A metallized structure as set forth in claim 11 wherein 

Numerous modifications may be made to the foregoing the ultra-thin bonding layer has a thickness between about 

inventions without departing from the basic teachings 10-20 angstroms. 

thereof. Although the present inventions have been 19. A metallized structure as set forth in claim 18 wherein 

described in substantial detail with reference to one or more the ultra-thin bonding layer has a thickness of less than about 

specific embodiments, those of skill in the art will recognize 15 angstroms. 

that changes may be made thereto without departing from 20. A metallized structure as set forth in claim 11 wherein 

the scope and spirit of the invention as set forth in the the ultra-thin bonding layer is comprised of a metal, 

appended claims. 21. A metallized structure as set forth in claim U wherein 

What is claimed is: the ultra-thin bonding layer is comprised of a metal alloy. 

1. A metallized structure for use in a microelectronic ^5 22. A metallized structure for use in a microelectronic 
circuit, the metallized structure comprising: circuit, the metallized structure comprising: 

a dielectric layer; a dielectric layer; 

an ultra-thin film bonding layer disposed exterior to the an ultra-thin film bonding layer disposed adjacent to tf^ 

dielectric kyer, and dielectric layer; and 

a low-Me concentration, copper-Me alloy layer disposed 60 a bw-zinc ooncentratiQn, copper-zinc alloy layer dis- 

exterior to the ultra-thin fiilm bonding layer. posed adjacent to the ultra-thin film bonding layer. 

2. A metallized structure as set forth in claim 1 wherein 23. A metallized structure as set forth in claim 22 and 
the dielectric layer is formed from a low-K dielectric mate- further comprising a primary copper conductor layer adja- 
rial. cent the low-zinc concentration, copper-zinc alloy layer. 

3. A metallized structure as set forth in claim 1 wherein 65 24. A metallized structure as set forth in claim 22 wherein 
the dielectric layer is formed from a high-K dielectric the dielectric layer is formed from a low-K dielectric mate- 
material, rial. 
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25. A metallized stmcture as set forth in claim 22 wherein 35. The metallized structure of claim 34, wherein the 
the dielectric layer is formed from a high-K dielectric ultra-thin bonding layer is disposed inomediately adjacent 
material. the dielectric layer and the copper-Me alloy layer is disposed 

26. A metallized structure as set forth in claim 22 wherein immediately adjacent the ultra-thin bonding layer. 

the zinc content of the copper-zinc aUoy layer is less than or 5 3^ metallized structure of claim 35, wherein the 

the zinc content of the copper-zinc aUoy layer is less than or 37. The metallized structure of claim 35, whcrem the 

equal to about 2 atomic percent. concentration of Me is less than about 2 atomic percent. 

28. A metallized structure as set forth in claim 22 wherein 10 38, The metallized structure of claim 35, wherein the 
the zinc content of the copper-zinc alloy layer is less than or concentration of Me is less than about 1 atomic percent 
equal to about 1 atomic percent. 39. The metallized structure of claim 35, wherein Me is 

29. A metallized stiuctuie as set forth m claim 22 wherein 

the ultra-thin bonding layer has a thickness between about ' ^ «... ^ ^ . . . . • 

10-20 angstroms 15 40. The metallized structure of claim 36, whcrem Me is 

30. A metallized structure as set forth in claim 29 wherein zinc. 

the ultra-thio bonding layer has a thidcness of less than about 41. The metallized structure of claim 37, wherein Me is 

15 angstroms. zinc 

31. A metallized structure as set forth in claim 22 wherein 42. jhc metallized structure of claim 38, wherein Me is 
the ultra-thin bonding layer is formed from a material with 20 

. high magmtu* &66-ece,Sy of fonnatioo for compounds ^ ^^^^ ^ 

that will form at the dielectnc-bondmg layer interface. „ , . ^ j . / ^ t. • 1 

32. A metallized structure as set forth in claim 22 wherein copper-Me aUoy layer is deposited using an electrochemical 
the ultra-thin bonding layer is comprised of a metal. deposition pnx»ss. 

33. A metallized stmcture as set forth in claim 22 wherein 25 44. The metallized stmcture of claim 43, wherein the 
the uUra-thin bonding layer is comprised of a metal alloy. electrochemical deposition process uses a constant potential 

34. A metallized structure for use in a microelectronic waveform. 

circuit formed by a process oomprfeing the steps of: 45. xbe metallized stmcture of claim 44, herein the 

depositing a dielectric layer on the microelectronic woik- constant potential wavefonn comprises a forward pulsed 

piece; ^ waveform, 

depositing an ultra-thin bonding layer over an exterior of 46. The metallized stmcture of claim 35, wherein the 

the dielectric layer; copper-Me alloy layer is deposited using an electrochemical 

depositing a low Me concentration, copper-Me aUoy layer deposition process. 

exterior to the ultra-thin bonding layer, where Me is a 

metal other than copper. ♦ ♦ ♦ » ♦ 



ililWIHinilDIIIIII 

US006387806B1 

(12) United States Patent m Patent No.: us M87,806 bi 

Wang et al. (45) Date of Patent: May 14, 2002 



(54) FILUNG AN INTERCONNECT OPENING 
WITH DIFFERENT TYPES OF ALLOYS TO 
ENHANCE INTERCONNECT REUABILJTY 

(75) Inventors: Pin-Chin C. Wang, Menio Park; 

Christy M. Woo» CUpertino, both of 
OA (US) 

(73) Assignee: Advanced Micro Devices, Inc., 

Sunnyvale, CA (US) 

(*) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 1540))byOdays. 

(21) Appl. No.: 09/655,700 

(22) Filed: Sep. 6^ 2000 

(51) IntCl.^ H01L2V44 

(52) UJS. CI 438/687; 438/637; 438/660; 

438/672; 438/675 

(58) Field of Search 438/694, 643, 

438/637, 638, 640, 672, 308, 378, 687, 
648, 689. 690, 691, 692, 660, 674, 675, 

677 

(56) References ated 

U.S. PATENT DOCUMENTS 

5,918,149 A ♦ 6/1999 Besserclal 438/680 

6,023,100 A 2/2000 Tao et al 257/762 

6,066,892 A ♦ 5/2000 Ding et al 257/751 

6,100,181 A * 8/2000 You et aL 438/633 

6,181,012 Bl ♦ 1/2001 Edelstein et al 257/762 

6;268,291 Bl * 7/2001 Andiicacos et al 438/694 

* cited by examiner 

Primary Examiner-— tAaitthtvf Smith 
Assistant Examiner-^cifx Yevsikov 



(74) Attorn^, Agent, car Firm-^omc& H. Choi 

(57) ABSTRACT 

An ioteroonnect opemcg of an integrated circuit is filled 
with a conductive fill, such as copper, with the interconnect 
opening being within an insulating layer on a semiconductor 
wafer. A seed layer of a first alloy is deposited conformally 
onto sidewalls and a bottom wall of the intetxx>nnect open- 
ing. The first alloy is comprised of a first metal dopant in a 
bulk conductive material. The first metal dopant has a 
relatively higjb solid solubility in the bulk conductive 
material, and the first metal dopant has a concentration in the 
bulk conductive material of the seed layer that is tower than 
the solid solubility of the first metal dopant in the bulk 
conductive material. At least a portion of the conductive fill 
grown from the seed layer is comprised of a second alloy 
with a second metal dopant having a relatively low solid 
solubility in the bulk conductive material, and the second 
metal dopant has a concentration in the conductive fill that 
is higher than ibd solid solubility of the second metal dopant 
in the bulk conductive material. A thermal anneal is per- 
formed to form an additional encapsulating material that 
covers a top surface of the conductive fiU, and the additional 
encapsulating material is formed from the second metal 
dopant diffusing out of the conductive fill during the thermal 
anneal. A layer of bulk passivation material is formed over 
the additK)nal encapsulating material and the insulating 
layer. Use of the first alloy of the seed layer prevents 
aggbmeration of the bulk conductive material of the seed 
layer at the sidewalls of the interconnect opening. The 
additional encapsulating material prevents drift of material 
firom the conductive fill along the bottom surface of the layer 
of bulk passivation material and into the surrounding insu- 
lating layer. 

16 Oaims, 8 Drawing Sheets 
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FILLING AN INTERCONNECT OPENING rial UO is diqiosed between the copper interconnect 102 and 

WITH DIFFERENT TYPES OF ALLOYS TO the insulating layer 106 for preventing diffusion of coiyer 

ENHANCE INTERCONNECT RELIABILITY from the copper interconnect 102 to the insulatmg layer 1U6 

to preserve the integrity of the insulating layer 106. 
TECHNICAL HELD s Further referring to FIG. 1, an encapsulating layer 112 is 

TTie present invention relates generally to fabrication of deposited as a passivation layer to encapsulate the copper 
interconnect, such as copper interconnect for example, interconnect IW, as known to one 

within an integrated circuit, and more particularly, to using of integrated circuit fabncation Tlie encapsulating layer m 
different types of metal alloys for the seed layer and the is typically comprised of a dielectnc such as silicon mtnde, 
conductive fill for filling an interconnect opening to mini- 1° and copper from the copper mteroomiect 102 does not easily 
mize electromigration and void formation within the inter- diffuse into such a dielectric of the encapsulating layer m. 
connect. Referring to FIG. 1, in the prior art, the encapsulating 

layer 112 of silicon nitride is deposited directly onto an 
BACKGROUND OF THE INVENTION exposed surface of the copper interconnect 102 and the 

Along-recognized important objective in the constant surrounding insulating layer 106 after the exposed surface of 
advancement of monoUthic IC nntegraled Circuit) technol- the copper interconnect 102 and the surroundmg insulaUng 
ogy is the scaling-down of IC dimensions. Such scaling- layer 106 are polished to a level surface. U^ortunately, the 
down of IC dimensions reduces area capacitance and is siUcon nitride of the encapsulatmg layer 112 does not bond 
critical to obtaining higher ^ed performance of integrated weU to the copper at the exposed surface of the copper 
circuits. Moreover, reducing the area of an IC die leads to interconnect 102. 

higher yield in IC fabrication. Sudi advantages are a driving Thus* although copper does not diffuse easily through the 
force to constantly scale down IC dimensions. enciq;>sulating layer 112 of silicon nitride, copper from the 

TTius far, aluminum has been prevalenUy used for metal- copper interconnect 102 laterally drifts from the interface 
lization within integrated circuits. However, as the width of „ between the copper interconnect 102 and the encapsulating 
metal lines are scaled down to smaller submi^on and even layer 112 of siUoon nitride along the bottom surface 114 of 
nanometer dimensions, aluminum metallization shows elec- the encapsulating layer 112 of sdicon mtnde because of the 
tromigration failure. Electromigration faOure, which may weak bonding of the copper interconnect 102 and the 
lead to open and extruded metal lines, is now a commonly encapsulating layer 112 of silicon mtnde. 
recognized problem. Moreover, as dimensions of metal lines 3^ The copper that laterally drifts from the interface between 
further decrease, metal line resistance increases the copper interconnect 102 and the encapsulating layer 112 
substantially, and this increase in line resistance may of silicon nitride along the bottom surface 114 of the 
adversely affect circuit performance. encapsulating layer 112 eventually diffuses into the insulat- 

Given the concerns of electromigration and line resistance ing layer 106 to disadvantageously degrade the insulating 
with smaller metal lines and vias, copper is considered a 35 property of the insulating layer 106 and to possibly decade 
more viable metal for smaller metallization dimensions. the copper interconnect electromigration Iffe-tirne. 
Coroer has lower bulk resistivity and potentially higher Nevertheless, use of copper metaUizaUon is desirable for 
electromigration tolerance than aluminum. Both the lower further scaling down integrated circuit dimensions because 
bulk resistivity and the higher electromigration tolerance of the lower bulk resistivity and the higher electromigration 
improve circuit performance. 40 tolerance. TTius, a mechanism is desired for preventing the 

Referring to HG. 1. a cross sectional view is shown of a drift of copper fiom the copper mter«>miect 102 mto the 
copper intercomiect 102 within a trench 104 formed in an msulatmg layer 106. 

insulating layer 106. The copper interconnect 102 within the In addition, typically for filling the trench 104 widi 
insulating layer 106 is formed on a semiconductor wafer 108 copper, a seed layer of copper is deposited on the sidewalls 
such as a silicon substrate as part of an integrated circuit. 45 and the bottom waU of the trench, and then cqyf' 
Because copper is not a volatile metal, copper camiot be electroplated from the seed layer to fiU the trench 104 m an 
easily etched away in a deposition and etching process as ECD (electro chemical deposition) process, asknowri to one 
typically used for aluminum metallization. Thus, the copper of ordinary skill in the art of mtegrated arcuit fabrication, 
interconnect 102 is typically formed by etching the trench The seed layer of copper is typically deposited by a oon- 
104 as an opening within the insulating layer 106, and the 50 formal deposition process su<^ as a PVD (plasma vapor 
trench 104 is then filled with copper typically by an elec- deposition) process or a CVD (chemical vapOT dq)0SiUon) 
troplating process, as known to one of ordinary skill in the process as known to one of orAnary skdl m the art of 
art of intonated circuit fabrication. integrated circuit fabrication. Wth such coiifomial depoa- 

Unfortunately, copper is a mid-bandgap impurity in sili- tion processes, referring to FIG. i when the aspect ratio 
conandsiHconLxid^TTius,coppermaydiffusee^^^ 55 (d^^^^^^, ^* ^"^^ 1 T iT™."?^ 

these common integrated dicSteriak. Referring to FIG. opening 120 to be filled with copper is reladvety^^^ (Le 
1, the insulating layer 106 may be comprised of silicon greater than 5:1), a seed layer Ul that <iep^it«i ^e 
epoxide or a low dielectric constant insulating material such sidewaUs and the bottom waU of the opemng 120 may have 
as organic doped silica, as known to one of ordinary skill in a significant oveAang 124 at the top comers of the mter- 
the art of integrated circuit fabrication. Copper may easUy 60 connect openmg 120. ^„ . . ^ 

diffuse into such an insulating layer 106, and this diffusion Referring to FIGS. 2 and 3, when copper fill 126 is plated 
of copper may degrade the performance of the integrated from the seed layer 122, the copper that is plated from the 
circuit. Thus, a diffusion barrier material 110 is deposited to overfiang 124 may close off the top of the mterconnect 
surround the copper interconnect 102 within the insulating opening 120 before a center portion of the mteroonnwjt 
layer 106 on the sidewalls and the bottom wall of the copper (55 opening 120 is fiUed with copper to result m formation of a 
interconnect 102, as known to one of ordinary skill in the art void 128 within the copper fill 126 toward the center of the 
of integrated circuit febricadon. The diffusion barrier mate- interconnect opening 120. Such a void 128 disadvanU- 
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geousiy increases the resistance of the interconnect and may fill, and the additional encapsulating material is fonned &om 

even contribute to electiomigration failure of the intercon- the second metal dopant diffusing out of the conductive fill 

nect during the thennal anneal. A layer of bulk passivation 

Referring to FIG. 4, to minimize the overhang 124 at the material is formed over the additional encapsulatiiig material 

top comers of the interconnect opening 120, the seed layer 5 and the msulating layer. 

of copper 122 is deposited to be thinner. However, the Use of the first alloy of the seed layer prevents agglom- 

deposition of the seed layer 122 is not perfectly confonnal eration of the bulk conductive material of the seed layer at 

with the seed layer 122 being even thinner at the sidewalls the sidewalls of the interconnect opening. In addition, 

of the interconnect opening 120. With such a thinner seed because the first metal dopant has a relatively high solid 

layer 122, the thickness of the seed layer 122 may be as 1° solubiliiy, the first metal dopant remains within the seed 

small as tens of angstroms at the sidewalls of the intercon- layer during the thennal anneal. On the other hand, because 

nect opening 120, and granules 130 of agglomerated copper the second metal dopant has a relatively low solid solubQity 

may form at the sidewalls of the interconnect opening 120. within the second alloy of the conductive fill, the second 

Such granules 130 result in a discontinuous seed layer of metal dopant diffuses out to the top surface of the conductive 

copper 122, and when copper is electroplated from such a 15 fill during the thermal anneal to form the additional encap- 

discontinuous seed layer of copper 1^, voids are more sulating material for preventing drift of material from the 

likely to form within the copper filling the interconnect conductive fill along the bottom surface of the layer of bulk 

opening 120. passiyation material and into the surrounding insulating 

Nevertheless, a relatively thin seed layer 122 of copper is ^^y^^- 

desired for minimizing overhang at the top comers of the ^ The present invention may be used to particular advantage 

interconnect opening having high aspect ratio with submi- when the bulk conductive material is copper, and when the 

cron and even nanometer dimensions. Thus, a mechanism is fiist metal dopant of the first aUoy of the copper seed layer 

desired for minimizing formation of granules 130 of isoneofalver and zinc. When the bulk conductive material 

agglomerated copper at the sidewalls of the interconnect is copper, the second metal dopant of the second alloy of the 

opening 120 when the seed layer 122 is relatively thin. ^ conductive fill may be one of tantalum, calcium, and cerium. 

In that case, the additional encapsulating material may be the 

SUMMARY OF THE INVENTION second metal dopant. Alternatively, when the second metal 

Accordingly, in a general aspect of the present invention, dopant of the second alloy of the conductive fill is 

a first type of copper aUoy is used for formation of the seed ^ ziicomum, the additional encapsulatmg matenal may be an 

layer of copper to minimize formation of the granules of ^ intermetalhc compound formed from a reacUon of ^e 

agglomerated copper at the sidewalls of the interconnect second metal dopant with oqpper of the conducUve fill 

opening. In addition, a second type of copper alloy is used dunng the thermal anneal. When the top surfiice of the 

to fill the interconnect opening to form an additional encap- conductive fill exposed to oxygen plasma dunng the 

sulating material at the top surface of the conductive fill of ^_ thernjal aimeal, the aiMitonal encj^^ 

the intercomiect opening to prevent drift of copper from the ^ metd oxide formed frcra a reaction of the oxyg^^ 

copper interconnect into the surrounding insulating layer. with the second metal dopant durmg the thernial anneal. 

In one aspect of the present invention, an interconnect These and other features and advantages of Ae present 

openingofanintegratedcircuitisfiUedwithaconductivefill invention will be better understood by considering the 

^ the intercomiect opening being within an immlating ^ following detailed desmption of the invention which is 

layer on a semiconductor wafer. A seed layer of a first alloy presented with the attached drawings 

is deposited conformally onto sidewalls and a bottom wall of BRIEF DESCRIPTION OF THE DRAWINGS 
the intercomiect opening. The first alloy is comprised of a 

first metal dopant in a bulk conductive material. The first FIG. 1 shows a cross-sectional view of a copper mter- 

metal dopam has a soUd solubility in the bulk conductive 45 co^ect formed by copper filling a trench within an insu- 

material that is higher than about 0.09 atomic percent at luting layer, according to the poor art; 

about room temperature, and the first metal dopant has a FIG. 2 shows a crossHsectional view of a seed layer of 

conoentratioa in the bulk conductive material of the seed copper deposited on the sidewalls and bottom wall of an 

layer that is lower than the solid solubility of the first metal interconnect opening for illustrating the formation of an 

dopant in the bulk conductive material 50 overhang of the seed layer at the top comers of the inter- 

Tbe interconnect opening is filled with the bulk conduc- coiinect opening when a relatively thick seed layer is 

five material by growing the bulk conductive material from deposited, according to die pnor art; 

the seed layer to form a conductive fill within the intercon- FIG. 3 shows a cross-sectional view of a copper fill plated 

nect opening. At least a portion of the conductive fill is from the seed layer of FIG. 2 for illustrating the formation 

comprised of a second alloy with a second metal dopant 55 of avoid within the copper fill from the overhang of the seed 

having a solid solubility in the bulk conductive material that layer of FIG. 2, according to the prior art; 

is less than about 0.1 atomic percent at about room FIG. 4 shows a cross-sectional view of a relatively thin 

temperature, and the second metal dopant has a concentra- seed layer of copper deposited on the sidewalls and bottom 

tion in the conductive fill that is higher than the solid wallof an intercoimect opening for illustrating the formation 

solubility of the second metal dopant in the bulk conductive ^ of granules of agglomerated copper at the sidewalls of the 

material. interconnect opening, according to the prior art; and 

Any of the seed layer of the first alloy and the bulk FIGS. 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 15, 16, 17, 18, and 

conductive material are polished away from the insulating 19 show cross-sectional views for formation of an interoon- 

layer surrounding the interconnect opening such that the nect to illustrate process steps for forming a conductive fill 

conductive fill is contained within the interconnect opening. 65 within an interconnect opening that is formed in an insulat- 

A thermal anneal is performed to form an additional encap- ing layer by using a first type of copper alloy for the seed 

sulating material that covers a top surface of the conductive layer of copper to minimize formation of granules of 
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agglomerated copper at the sidewalls of the iatercoanect deposited to surround the copper to be filled within the 

opening. In addition, these figures illustrate process steps for interconnect opening 202. The difEusion barrier layer 212 

using a second type of copper alloy to fill tl^ interconnect prevents diffusion of copper to filled within the interconnect 

opening to form an additional encapsulating material at the opening 202 to the insulating layer 204 to preserve the 
top surface of the conductive fill of the interconnect opening 5 integrity of the insulating layer 204. 

to prevent drift of copper from the copper interconnect into Referring to FIG. 8, a copper seed layer 214 of a first alloy 

the surrounding insulating layer is conformally deposited on the diffusion barrier layer 212. 

The figures referred to herein are drawn for clarity of The first alloy of the copper seed layer 214 is comprised of 

iUustiation and are not necessarily drawn to scale. Elements a first metal dopant that has a relatively high solid solubility 

having the same reference number in FIGS. 1, 2, 3, 4, 5, 6, (greater than about 0.09 atomic percent at about room 

7, S, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, and 19 refer to temperature) within copper as the bulk conductive material, 

elements having similar structure and function. Examples of such a first metal dopant include silver and 

DETAILED DESCRIFnON ^^^P^^' ^Uver has a solid solubility in copper of 

about 0.1 atomic percent at about room temperature, and 

The present invention is described for formation of copper zinc has a solid solubility in copper of about 33 atomic 

interconnect However, the present invention may be prac- percent at about room temperature, 

ticed for preventing drift of material firom other types of in addition, the first metal dopant has a concentration in 

interconnects into the surrounding insulating layer, as would copper of the seed layer 214 that is less than the solid 

be apparent to one of ordinary skill in the art of integrated solubility of the first metal dopant in copper. For example, 

circuit fabrication from the description herein. 20 ^i^^^^ mctai dopant is silver, the concentration of 

Referring to FIG. 5, for forming an interconnect such as silver in copper of the seed layer 214 may be in a range of 

copper interconnect, an interconnect opening 202 such as a from about 0.01 atomic percent to about 0.09 atomic per- 

trench line is formed within an insulating layer 204 on a cent When the first metal dopant is zinc, the concentration 

semiconductor wafer 206 as part of an integrated circuit, as of zinc in copper of the seed layer 214 may be in a range of 
known to one of ordinary skill in the art of integrated circuit ^ from about 0.01 atomic percent to about 5.0 atomic percent, 

fabrication. Typically, the semiconductor wafer 206 is com- ^th use of such a copper aUoy for the seed layer 214, the 

prised of silicon (SQ, and the insulating layer 204 is com- thickness of the seed layer 214 may be relatively thin in a 

prised of silicon dioxide (SiOj) or a low dielectric constant nnge of from about 20 A (angstroms) to about 50 A 

insulating materid such as organic doped siHciu as known to (angstroms) without formation of granules of agglomerated 

one of ordinary skill in the art of integrated circuit fabrica- copper at the sidewalls 213 of the interconnect opening 202. 

^OQ- In contrast, the thidmess of a seed layer of pure copper may 

Copper interconnect is desirable for metallization within have a lower limit of about 80 A (angstroms) before the seed 

an integrated circuit with scaled down dimensions because layer agglomerates at the sidewalls 213 of the interconnect 

copper has lower bulk resistivity and potentially higher opening 202. In addition, the thickness of a seed layer of 

electro migration tolerance than aluminum. However, pure copper which is more dependent on thermal processes 

because copper is not a volatile metal, copper carmot be and the type of diffusion barrier layer 212 is harder to 

easily etched away in a deposition and etching process as controL 

typically used for aluminum metallization. Thus, copper The first metal dopant within the copper of the seed layer 
interconnect is typically formed by etching the interconnect ^ 214 promotes uniforai deposition for a thin continuous seed 

opening 202 within the insulating layer 204 and then filling layer 214 without formation of granules of agglomerated 

the interconnect opening 202 with copper fill. copper at the sidewalls 213 of the interconnect opening 202. 

Referring to FIG. 6, the top comers 210 of the intercon- Processes for confonnal deposition of sudi an alloy for the 

nect opening 202 are rounded by a sputtering process. seed layer 214, such as CVD (chemical vapor deposition). 

Sputtering processes are known to one of ozdinaiy skill in IMP (ionized metal plasma) deposition, and continuous 

the ait of integrated circuit fabrication. PVD (physical vapor deposition), are known to one of 

Referring to FIG. 7, a diffusion barrier layer 212 is ordinary doll in the art of integrated circuit fabrication, 

deposited on the e3q)osed surfaces of the insulating layer 204 Refeiring to FIG. 9, the intercormect opening 202 is filled 

including the sidewalls 213 and the bottom wall 215 of the with the bulk conductive material 216 of the seed layer 214 
intercormect opening 202. The diffusion barrier layer 212 is 50 by electroplating from the seed layer 214. Electroplatir^ 

comprised of a diffusion barrier material that prevents processes for filling the interconnect opening 202 with the 

diffusion of copper to be filled within the interconnect conductive material 216 are known to one of ordinary skill 

opening 202 into the surrounding insulating layer 204. Such in the art of integrated circuit fabrication, 

diffusion barrier materials and processes tor deposition of in one embodiment of the present invention, the whole 
such diffusion barrier materials are known to one of ordinary 55 portion of the conductive material 216 electroplated from 

skill in the art of integrated circuit fabrication. the seed layer 214 is comprised of a second alloy with a 

Unfortunately, copper is a mid-bandgap impurity in sili- second metal dopant that has a relatively low solid solubility 

con and silicon dioxide. Thus, copper may diffuse easily into (less than about 0.1 atomic percent at about room 

these common integrated circuit materials. Referring to FIG. temperature) within copper as the bulk conductive material. 
2, the insulating layer 204 is typically comprised of silicon 60 Examples of such a second metal dopant include tantalum, 

dioxide or a low dielectric constant insulating material such calcium, cerium, and zirconium. In addition, the second 

as organic doped siHca, as known to one of ordinary skill in metal dopant has a concentration in the bulk conductive 

the art of integrated circuit fabrication, especially when the material 216 that is greater than the solid solubility of the 

semiconductor wafer 206 is a silicon substrate. second metal dopant in the bulk conductive material 216. 

Copper may easily diffuse into the insulating layer 204, 65 For example, when the second metal dopant is comprised of 

and this diffusion of copper may degrade the performance of one tantalum, calciimi, cerium, and zirconium, the concen- 

the integrated circuit. Thus, the diffusion barrier layer 212 is tration of the second metal dopant in the bulk conductive 
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material216comprisedofcoppermay beinarangeof from the metal dopant in the bulk conductive material of the 

about 0.01 atomic percent to about 1 atomic percent because conductive fill 218, the metal dopant segiegates out of the 

the solid solubility of sudi metal dopants is negligible in conductive fill 218 during the tbeimal anneal. The metal 

copper. dopant of the conductive fill 218 that segregates out of the 

Referring to FIG. 10, any bulk conductive material 216 is 5 conductive fill 218 to the top surface 220 of the conductive 

polished away from the insulating layer 204 typically using ^ ^ additional encapsulatmg material 222 that 

a CMP (Oicmical Mechanical Polishing) process such that "^""^"^ ^^^^ *® conductive fill 218. 

the bulk conductive material 216 is contained within die example, when die metal dopant of the conductive fill 

interconnect opening 202 to form a conductive fill 218 218 is comprised of one of tantalum, calcium, or cerium, the 

within the interconnect opening 202. In addition, the seed lO acMitional encapsulating material 222 that covers the top 

layer 214 and the diffusion barrier layer 212 are also ^"^^^ of the (^nducUve fiU 218 ,s the metal dopant that 

typically polished away from the insulating layer 204 during ^^^^^^ the top surface 220 of the conductive fill 218. 

this CMP process to expose the insulating layer 204. CMP 1° ^^^af * fh© additional enca^ting malenal may also 

(Chemical Mechanical Polishing) processes are known to ^^,!i.^%n^?r ^ ^^^""^ ^ 

one of ordinary skiU in the art of integrated circuit fabrica- 15 «>°<™cave mi zi5. 

tion. Alternatively, when the metal dopant of the conductive fill 

TVpicaUy. a pre-CMP anneal is performed to ensure e«a?s2r^riJSZ?«^v *T''^ 

consistency of density of copper of^e bulk conductive ^^Tm^^ ^ T^- ^ T;°^'^^^ 

material 216 across the semfceTnductor wafer 206 before S^^^S ^LV? ,>f=™f """po-^d ^nned 

such a polishing process, as known to one of orfinaiy SkiU ^ ^.L^'J^^^^^^^.y^^' V^^^^^ 

IS rt^s^!? ^t; 'r^ti^ ::::^^i^%mSirnt?f ^p^ss 

^rir^ «f ^Ur».t on ^^^^A * * ^ • r plasma dunng the thermal anneal. In that case, when the 

penoa ot irom at>out 30 second to about 60 mmutes. as A^^^^^^t *t. ^ ^- ^^^o • • , ^ 

1 Ml * r- * « metal dopant of the conductive fill 218 is comprised of 

known to one of ordinary skulm the art of mteeiated circuit ^ - e i . . , « v^iu^i^i.*^ uj. 

foKr,Vot;«« A ««« 1 - J * iiiwB^awu wivuii zucomum for example, the additional encapsulating mate- 

tabncation. A shorter anneal tune is used for a higher anneal 'yyy *u ^„^^ ♦l^ ^ f *u \x. ?• ^iTi«» 

temperatiire. For example, when the amieal t^iatiue is T '^^^^"^ a)Dductive mi 218 

abom 100^ Celsius, the anneal time is about eSu^^ T ' ^T"^ ' """"T of the metal dopant 

when the anneal temperamrc is about ^^l^^ mththeoxj^^ 

amieal time is about 30 seconds. In addition, the^ed ^ f ^^^Z ^^^^^.^^ ^""^^""if ""^^^^^ P^'T? 

temperatiire and the amieal time depend on the dimeJlt ^^^^^^o^^ 

of the interconnect with a lower anneal temperature and a n r - ^ 

tongerannealtimebeinguscdforsmallerdimensionsofthe R^fe^g ^ FIG 13 for any type of the additional 

interconnect encapsulating material 222, a layer of bulk passivation 

Cr.!. . ^^n^u . -1 u • • * r J 35 material 224 is deposited on the additional encapsulating 

„f t^^^K TT^l °^ '•"""f "^"^"^ 222 and the insulating layer 204. Tie btTpasd- 
t^S^^'^!^l°'^^yt ^'^^ 224 may be S,mJ,ised of one of sH^ 
^r^I ^ ^ A ^ ^TT-^Z "'^ftri* (SON), silicon nitride (SiN), and a silicon car- 
metal dopants withm the seed layer 214 and the bjUk bide (SiQ fihn doped with hydrogen, and copper does not 

l^X^r "^ ''^"^i^ easily' diffiise throS^sucb a bulkpaiivatio^er^m 

and the bulk conductn^e ma^al 216 dunng this pre-CMP p,„«^ jepSig such bulk passivation material 224 

anneal proces^ Such pre-CMP anneal processes are known an. known to onVof oriinary skill in the art of totej^ 

to one of oidinaiy skill in the art of integrated drcuit fabrication miegraiea 

labncation. , . . . 

or- * T-T^o iA . ^ In this manner, the additional encapsulating material 222 
the^3ve^,fi.« « which covers the top sarfice of tteoondtltive fill 2M 

Uie «™«h«:'ive fill 218 exposed, a thermal annealjs per- ^^y^ conductive fiU 218 from lateially 

formed by heatmg up the semicondurtor wafer 206 to a drifting along the bottom sorfiice 226 of the layer of \Ji 

temperate m a nmge of from about 250" C^bius to about passivation materid 224 «>d into the surxoundinj insulating 

time penod m a range of from about 1 hyer 204. TTie additional encapsulating materid 222 capl 

minute to abou M mmutes. A shorter anneal tune IS used for the conductive flU 218 such that the cop^w of the conductive 

a higher anneal temperahue. For example, when the amieal fin 218 is cont«ned within the tien^. Minimization of 

temperate is abojrt 250^ Celsius, the anneal Ume is about drift of copper from the conductive Ml 218 into the sur- 

60 minut^. and when the anneal temperature is about 4W i 204 preserves the integrity of the 

Celsius, the amieal tune IS about lmmute.niemial anneal snnou^g insulating layer 204 

processes are known to one of oidiiiary ddU in the art of ~ i u-.- .u i j ^ 

integrated drcatt fabricatioa ^ i„ Ll^^T' ,',T.h ? ^""^ ^ * "^"^^T 

. ^. . , . , . ui the seed layer 214 that is lower than the sohd solubilily 

Dmjng th^ thermal anneal process, the copper of the of the metal dopant in the bulk conductive material of the 

conduchve fin 218 leciystaUizes into a smgle gram structure seed layer 214, the metal dopant of the seed layer 214 

of suhsumuany pu« copper as the »oond metal dopant of ^mains within the seed layer 214 during the thermd anneal 
fte «>ndurtive fill 218 d>ffiis» out from the condiicth^^ «, for reciystallizing the conductive flU 218. He alloy of the 

218 to the top sur&ce 2M of the conductive fill 218. The seed layer 214 is used primarily to prevent formation of 

sm^e ^ stnirtme of substantially pure o^per of the g«mjes of agglomerated copper during conformal deposi- 

condueuve ffll 218 mimmues resistance of the interconnect tion of the seed layer 214 on the sidewalk and the bottom 

such |]»t the ^ peifonnance of the integrated circuit wall of the interconnect opening 202. In addition, die metal 
having the mtercoonect of the present mvenbon is enhanced. ^5 dopant, such as silver or zinc, of the copper seed layer 214 

Because the metal dopant has a concentration within the minimally increases the resistance of the copper seed layer 

conductive fill 218 that is laiger than the solid solubility of 214. 
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For example, when the metal dopant of the copper seed 
layer 214 is sflver, the increase in resistance for such a 
copper alloy is atx)ut 02 microOhms-centimeters per 1 
atomic percent silver doping concentration. When the metal 
dopant of the copper seed layer 214 is zinc, the increase in 
resistance for such a copper alloy is about 03 microOhms- 
centimeteis per 1 atomic percent zinc doping concentration. 
Such increase in resistance is smaller than other types of 
metal dopants of copper alloys. 

Referring to FIGS. 14 and 15, in an alternative embodi- 
ment of the present invention, a portion of the conductive 
material filling the interconnect opening may be comprised 
of an alloy. In that case, referring to FIG. 9, the bulk 
conductive material 216 deposited to fill the interconnect 
opening 202 is comprised of substantially pure copper. 
Referring to FIGS. 9 and 14, the bulk conductive material 
216 of substantially pure copper is polished down to form a 
recess 228 during the CMP (chemical mechanical polishing) 
process. In that case, a substantially pure copper fill 230 is 
contained at the bottom portion of the interconnect opening 
202. 

Hie recess 228 is formed on the top surface of the 
substantially pure copper fill 230 according to the "dishing 
effect" during a CMP process, as known to one of ordinary 
skill in the art of integrated circuit fabrication. Parameteis of 
the CMP process such as the roughness of the polishing pad 
may be controlled to affect the formation of the recess 228 
on the top surface of the substantially pure copper fill 230, 
as known to one of ordinary skill in the art of integrated 
circuit fabrication. Typically, the "dishing effect" and tfie 
formation of a recess on an interconnect are avoided in the 
prior art, but in an aspect of the present invention, param- 
eters of the CMP are intentionally controlled for formation 
of the recess 228 on the top surface of the substantially pure 
copper fill 230. 

Referring to FIGS. 14 and 15, a second copper alloy 232 
with the second metal dopant is deposited to fill the recess 
228 at the top portion of the interconnect opening. As 
described for the copper alloy of the conductive fill 218 of 
FIGS. 10, 11, 12, and 13, the second metal dopant has a 
relatively low solid solubility (less than about 0.1 atomic 
percent at about room temperature) within the copper of the 
second copper alloy 232. Examples of such a second metal 
dopant include tantalum, calcium, cerium, and zixconium. In 
addition, the second metal dopant has a concentration in the 
copper of the second copper alloy 232 that is greater than the 
solid solubility of the second metal dopant in coppei. For 
example, when the second metal dopant is comprised of one 
tantahun, caldum, cerium, or ztroonium, the concentration 
of the second metal dopant in the bulk conductive material 
216 comprised of copper may be in a range of from about 0.1 
atomic percent to about 1 atomic percent because the solid 
solubility of such metal dopants in copper is negligible. 

Wth such a copper alloy 232 at the top portion of the 
interconnect opening, during the thermal anneal for recrys- 
tallizing the substantially pure copper fill 230 and the second 
copper alloy 232, the substantially pure copper fill 230 and 
the second copper alloy 232 recrystallize to form a conduc- 
tive fill of a substantially single grain structure within the 
interconnect opening 202. In addition, during the thermal 
anneal, the metal dopant of the copper alloy 232 segregates 
out of the copper alloy 232 to the top surface 220 of the 
conductive fill to form the additional encapsulating material 
222 that covers the top surface of the conductive fill, 
similarly as described in relation to FIGS. U and 12 to 
prevent drift of conductive material from the conductive fill 
of the interconnect opening 202 into the surrounding insu- 
lating layer 204. 
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In another embodiment of the present invention, referring 
to FIG. 16, a layer of substantially pure copper 240 is 
deposited in the intercoimect opening 202. The layer of 
substantially pure copper 240 is typically electroplated from 
5 the seed layer 214, as known to one of ordinary skill in the 
art of integrated circuit fabrication. The layer of substan- 
tially pure copper 240 is deposited to only partially fill the 
interconnect opening 202 (i.e., about 70% to 90% of the 
volume of the intercormect opening 202) to leave a recess 

241 within the layer of substantially pure copper 240. The 
recess 241 is disposed toward the top of the interconnect 
opening 202. 

Referring to FIG. 17, the recess 241 is filled with a second 
copper alloy 242 with a second metal dopant As described 
for the copper alloy of the conductive fill 218 of FIGS. 10, 
11, 12, and 13, the second metal dopant has a relatively low 
solid solubility (less than about 0.1 atomic percent at about 
room temperature) within the copper of the second copper 
alloy 242. Examples of such a second metal dopant include 

2Q tantahun, calcium, cerium, and zirconium. In addition, the 
second metal dopant has a concentration in the copper of the 
second copper alloy 242 that is greater than the solid 
solubility of the second metal dopant in copper. For 
example, y/hen the second metal dopant is comprised of one 

25 tantahun, calcium, cerium, or zirconium, the concentration 
of the second metal dopant in the bulk conductive material 
comprised of copper may be in a range of fipom about 0.1 
atomic percent to about 1 atomic percent because the solid 
solubility of such metal dopants in copper is negligible. 

3Q Processes such as PVD (plasma vapor deposition) and CVD 
(chemical vapor deposition) for depositing such a second 
copper alloy 242 in the recess 241 are known to one of 
ordinary skill in the art of integrated circuit fabrication. 
Referring to FIG. 18, the layer of substantially pure 

35 copper 240 and the second copper alloy 242 are polished 
away from the insulating layer 204 until the insulating layer 
204 is exposed such that the substantially pure copper 240 
and the second copper alloy 242 are contained within the 
intercormect opening 202. In this maimer, the second copper 

40 alloy 242 is formed at the top of the intercoimect opening 
202. Processes such as CMP (chemical mechanical 
polishing) processes for polishing away the layer of sub- 
stantially pure copper 240 and the second copper alloy 242 
are known to one of ordinary skill in the art of integrated 

45 circuit fabrication. 

Referring to FIGS. 18 and 19, with the second copper 
alloy 242 at the top portion of the interconnect opening, 
during the thermal anneal for lecrystallizing the substan- 
tially pure copper 240 and the second copper alloy 242, the 

50 substantially pure copper 240 and the second copper alloy 

242 recrystallize to form a conductive fill of a substantially 
single grain structure 244 within the interconnect opening. 
In addition, during the thermal anneal, the metal dopant of 
the copper alloy 242 segregates out of the copper alloy 242 

55 to the top surfiice of the conductive fill 244 to form the 
additional encapsulating material 222 that covers the top 
surface of the conductive fill, similarly as described in 
relation to FIGS. 11 and 12. The additional encapsulating 
material 222 prevents drift of conductive material from the 

60 conductive fill 244 of the interconnect opening along the 
bottom surface 226 of the layer of bulk passivation material 
224 and into the surrounding insulating layer 204. 

The foregoing is by way of example only and is not 
intended to be limiting. For example, tibe present invention 

65 is described for formation of copper interconnect. However, 
the present invention may be practiced for preventing drift 
of material from other types of interconnects into the sur- 
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rounding insulating layer, as would be apparent to one of 
ordinary skill in the art of integrated circuit fabrication from 
the description herein. Any material specified herein is by 
way of example only. 

Furthermore, as will be understood by those skilled in the 
ait, the stmctuies described herein may be made or used in 
the same way regardless of their position and orientation. 
Accordingly, it is to be understood that terms and phrases 
such as "top," "bottom," and "sidewalls" as used herein refer 
to relative location and orientation of various portions of the 
structures with re^)ect to one another, and are not intended 
to suggest that any particular absolute orientation with 
respect to external objects is necessary or required. The 
present invention is limited only as defined in the following 
claims and equivalents thereof. 

We claim: 

1. A method for filling an interconnect opening of an 
integrated circuit, said inteicoimect opening being within an 
insulating layer on a semiconductor wafer, the method 
including the steps of: 

A. depositing a seed layer of a first alloy confoimally onto 
sidewalk and a bottom wall of said inteiconnect 
opening, wherein said first alloy is comprised of a first 
metal dopant in a bulk conductive material, and 
wherein said first metal dopant has a solid solubility in 
said bulk conductive material that is higher than about 
0.09 atomic percent at about room temperature, and 
wherein said first metal dopant has a concentratioD in 
said bulk conductive material of said seed layer that is 
lower than said solid solubility of said first metal 
dopant in said bulk conductive material; 

B. filling said interconnect opening with said bulk con- 
ductive material by growing said bulk conductive mate- 
rial from said seed layer to form a conductive fill within 
said interconnect opening, wherein at least a portion of 
said conductive fill is comprised of a second alloy with 
a secoiKl metal dopant having a solid solubility in said 
bulk conductive material that is less than about 0.1 
atomic percent at about room temperature, and wherein 
said second metal dopant has a concentration in said 
portion of said conductive fill that is higher than said 
solid solubility of said second metal dopant in said bulk 
conductive material; 

C. polishii^ away any of said seed layer of said first aUoy 
and said bulk conductive material from said insulating 45 
layer surrounding said interconnect opening such that 
said conductive fill is contained within said intercon- 
nect opening and sudi that said insulating layer sur- 
rounding said intercoimect opening is Gxposod; 

D. performing a thermal anneal after said step C to form so 
an additional encapsulating material that covers a top 
surface of said conductive fill contained within said 
intercoimect opening with said insulating layer sur- 
rounding said interconnect opening being exposed, 
wherein said additional encapsulating material is 
formed firom said second metal dopant dififusing out of 
said conductive fill during said thermal aimeal; and 

E. forming a layer of bulk passivation material over said 
additional encapsulating material aiKl said insulating 
layer. 

2. The method of claim 1, wherein said bulk conductive 
material is copper, and wherein said first metal dopant is one 
of silver and zinc. 

3. The method of claim 1, herein said additional encap- 
sulating material is comprised of said second metal dopant 
that diffuses out of said conductive fill to cover said top 
surface of said conductive fill during said thermal anneal. 
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4. Hie method of claim 3, wherein said bulk conductive 
material is copper, and wherein said second metal dopant is 
one of tantalum, calcium, and cerium. 

5. The method of claim 3, wherein said additional encap- 
sulating material also forms along an interface between said 
conductive fill and said seed layer during said thermal 
anneal. 

6. The method of claim 1, wherein said additional encap- 
sulating material is an inteimetaUic compound formed from 
a reaction of said second metal dopant with said bulk 
conductive material at said top surface of said conductive fill 
during said thermal anneal 

7. The method of claim 6, wherein said bulk conductive 
material is copper, and wherein said second metal dopant is 
ziicomum. 

8. The method of claim 1, further including a step of: 
depositing a difi^on barrier material on sidewalls and a 

bottom wall of said interconnect opening before said 
step A- 

9. The method of claim 1, wherein said bulk encapsulating 
layer is comprised of one of silicon oxynitride (SiON), 
silicon nitride (SiN), and a silicon carbide (SiC) film dopeid 
with hydrogen. 

10. The method of claim 1, wherein said step D of 
performing said thermal anneal includes heating said semi- 
conductor wafer to a temperature in a range of from about 
250** Celsius to about 400° Celsius for a time period in a 
range of from about 1 minute to about 60 minutes. 

11. A method for filling an interconnect opening of an 
integrated circuit, said intercoimect opening being within an 
insulating layer on a semioonductcv wafer, the method 
including the steps of: 

A. depositing a seed layer of a first alloy conformally onto 
sidewalls and a bottom wall of said interconnect 
opening, wherein said first alby is comprised of a first 
metal dopant in a bulk conductive material, and 
wherein said first metal dopant has a solid solubility in 
said bulk conductive material that is higher than about 
0.09 atomic percent at about room temperature, and 
wherein said first metal dopant has a concentration in 
said bulk conductive material of said seed layer that is 
lower than said solid solubility of said first metal 
dopant in said bulk conductive material; 

B. filling said interconnect opening with said bulk con- 
ductive material by growing said bulk conductive mate- 
rial from said seed layer to form a conductive fill within 
said interconnect opening, wherein at least a portion of 
said conductive fill is comprised of a second alloy with 
a second metal dopant having a solid solubility in said 
bulk conductive material that is less than about 0.1 
atomic percent at about room temperature, and wherein 
said second metal dopant has a concentration in said 
portion of said conductive fill that is higher than said 
solid solubility of said second metal dopant in said bulk 
conductive material; 

C. polishing away any of said seed layer of said first alloy 
and said bulk conductive material from said insulatii^ 
layer surrounding said interconnect opening such that 
said conductive fill is contained within said intercon- 
nect opening; 

D. performing a thermal anneal to form an additional 
encapsulating material that covers a top surface of said 
conductive fill, wherein said additional encapsulating 
material is formed from said second metal dopant 
difi&ising out of said conductive fill during said thermal 
anneal; 
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E. foiming a layer of bulk passivation material over said 
additional encapsulatiiig material and said insulating 
layer; and 

F. exposing said top sur&oe of said conductive fill to an 
oxygen plaana during said thermal anneal in said step 
D such that said additional encapsulating material is 
comprised of a metal oxide formed from a reaction of 
said oxygen plasma and said second metal dopant 
during said thermal anneal. 

12. The method of claim 11, wherein said bulk conductive 
material is copper, and wherein said second metal dopant is 
ziroonium. 

13. The method of claim 11, wherein said bulk conductive 
material is copper, and wherein said first metal dopant is one 
of silver and zinc. 
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14. Hie method of claim 11, further including a step of: 
depositing a diffusion barrier material on sidewaUs and a 

bottom wall of said interconnect opening before said 
step A 

15. The method of claim 11, wherein said bulk encapsu- 
lating layer is comprised of one of silioon oxynitride (SiON), 
silicon nitride (SiN), and a silicon carbide (SiC) film doped 
with hydrc^en. 

16. The method of claim 11, wherein said step D of 
performing said thermal anneal includes heating said semi- 
conductor wafer to a temperature in a range of fit)m about 
250"" Celsius to about 400° Celsius for a time period in a 
range of from about 1 minute to about 60 minutes. 
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An information recording medium and a supporter used for 
the inforaaation recording medium capable of recording a 
land/groove recording by using a high density recording 
technique such as a super-resolution, resulting in a Ugh 
density recording. An information recording medium B has 
a supporter lA, on which a recording layer 5 is formed. On 
the supporter lA, lands 2 and groove 3 are alternately 
formed as a minute track pattern. A crevice 4 having a depth 
Dc larger than a depth Dg of the re^)ective grooves 3 is 
formed in the respective grooves 3 at one end of the 
respective grooves 3 in a width direction of the respective 
grooves. 
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INFORMATION RECORDING MEDIUMS, 
SUPPORTER USED IN THE MEDIUMS, 
MANUE4CTURE METHODS OF THE 
SUPPORTER, MANUFACTURING 
APPARATUS OF THE SUPPORTER AND 
STAMPERS FOR PRODUCING THE 
MEDIUMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to infonnation recording 
mediums such as discs caids and tapes utilizing Ught or 
magnetization for recoiding/repioducing an information 
recording signal on/firom the mediums, particularly, related 
to infonnation recording mediums suitable for recording/ 
reproducing type recording mediums utilizing magneto- 
optical or phase change phenomeaon, support members 
(supporters) used for forming a recording layer of the 
medium thereon, manufacturing methods and apparatuses 
for manufacturing the supporters, and stampers for produc- 
ing the mediums. 

2. Description of the Related Arts 

In the field of optical discs in the prior arts, there are 
recording/reproducing type discs such as a MD (mini disc) 
capable of recording music information and a DVD (digital 
versatile disc)-RAM capable of recording data. Further, 
recently, in even the field of floppy discs, which were only 
utilized in magnetic recording in the prior art, there has been 
developed an optical floppy disc. As a typical example, there 
has been developed an optical floppy referred to as a 
supper-disc employing an optical tracking. Furthermore, in 
the field of the cards in the prior art, the magnetic card was 
a main stream of the cards. Recently, however, an optical 
card is beginning to be seen in the madeet. Further, in even 
the field of the magnetic tapes there have been developed not 
only magnetic tapes but also optical tapes. 

As mentioned above, the optical tedmiques are not a 
monopoly on the disc type infonnation recording mediums 
but are applied to all kinds of recording mediums having 
various shapes. In any cases, the developments of the 
recording mediums are forwarded to realize a high leoording 
density and large capacity recording. 

In order to realize a high density recording of the optical 
disc, there are utilized optical techniques such as a super- 
resolution reproducing techniques and a land/groove record* 
ing technique. However, many problems are pointed out in 
these techniques, resulting in constraints on realizing a 
further high recording density. 

Next, a description is given of an example of the super- 
resolution reproducing, Le., a DWDD (Domain Wall Dis- 
placement Detection) type information recording medium 
and its problems. 

Specifically, the DWDD type information recording 
medium refers to magneto-optical information recording 
medium such as a magneto-opdcal disc and a magneto- 
optical cards, wherein on a supporter member (referred to as 
a supporter hereinafter) a recording layer and a protection 
layer are laminated in this order. The recording layer com- 
prises a displacement layer having a small wall ooercivity, a 
switching layer having a relatively lower Curie temperature 
and a memory layer having a relatively large wall 
coercivity, resulting an exchange-coupling triple-layered 
magnetic film known as a super-resolution layer. 

Upon reproducing, when the recording layer is heated by 
being locally irradiated with a laser beam thereon, a tern- 
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perature gradient is developed in the recording layer. Hiis 
temperature gradient causes force to drive the domain wall 
of the displacement layer against the wall coercivity thereof 
in the higher temperature direction because the wall energy 

5 decreases as the temperature increases. When the domain 
wall of the displacement layer is located in a region where 
the temperature is lower than the temperature 1^ the domain 
waU can not t>e di^laced due to the large factional force 
from the memory layer through the exchange coupling 
acting between the displacement layer and the memory layer 
through the switdiing layer. However, along with the laser 
beam movement, when the domain wail is transferred into a 
region where the temperature is higher than the temperature 
Ts, the exdiange coupling between the displacement layer 
and the memory layer through the switching layer is disap- 
peared because the magnetization of the switching layer is 
vanished, and as a result, the domain wall in the displace- 
ment layer is solely displaced in the higher temperature 
direction. The domain wall displacement in the displace- 
ment layer is developed each time when a domain wall 

^ which is formed at an interval corresponding to an infor- 
mation signal, reaches the isothermal line of the 1^ 

In other words, as the recording medium is scanned at a 
constant speed by using the laser beam, this domain wall 

^ displacement mentioned above occurs at a time interval 
corresponding to a ^atial interval of the recorded domain 
wall. Thus, the information recording signal is reproduced 
by detecting magnetic reversals associated with the domain 
wall displacement by using a conventional magneto-optical 

^ system irre^ctive of the resolution of an optical readout 
system used in the apparatus. 

FIG. 5 is a schematic sectional view of a supporter used 
in an infonnation recording medium in the prior art, and 
FIG. 6 is a schematic sectional view of an information 
recording medium employing the supporter shown in FIG. 5 
in the prior art. 

FIG. 5 shows a supporter 7 used for a DWDD type 
information recording medium, and FIG. 6 shows the 
DWDD type infonnation recording medium employing the 

^ DWDD type supporter 7 shown in FIG. 5 on which a 
recording layer 5 and a protection layer 6 are laminated in 
this order. 

Referring to FIG. 5, on the supporter 7 there are formed 
optical tracking grooves (referred to as grooves hereinafter) 

45 3 having a flat bottom, as a minute track pattern. For 
example, in a case ^ere the si^)porter 7 is used for a 
disc-type information recording medium such as an optical 
disc, the grooves 3 are formed dicularly or ^^nrally. And, 
between adjacent grooves 3, there is formed a flat hill 

50 referred to as a land 2. As shown in FIG. 6, on aplane of the 
supporter 7 formed with the land 2 and the grooves 3, there 
are formed a recording kyer 5 and a protection layer 6, 
resulting in an information recording medium A. The record- 
ing layer 5 is made of a super-resolution magneto-optical 

55 layer, for instance, a triple-layered film composed of a 
displacement kyer made of GdFeCr, a switching layer of 
TbFeCr and a memory layer of TbFeCoCr. 

In order to derive the excellent characteristics &om this 
recording layer to a maximum, the recording layer 5 may be 

60 interposed between subsidiary dielectric layers. Here, the 
recording layer including the subsidiary layers is designated 
as the recording layer 5. The protection layer 6 is provided 
for protecting the recording layer 5, and is made of a thick 
resin layer made of an ultraviolet curing resin or a heat 

65 curing resin. 

As to a principle of the DWDD, it is explained in detail 
in 1998 National Convention Record, the Institute of Elec- 
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trical Engioeere of Japan, S. 10-7 (page, S. 10-25 to 28). used for the infonnation recording mediums, manufacturing 

Thus, a detafled explanation thereof is omitted here for methods for the supporters, manufacturing apparatus for the 

simpUdty. However, it should be noted that an information supporters and stampers for producing the information 

signal is recorded on either a group of the lands 2 or a group recording mediums. 

of the grooves 3. At that time, either the group of the lands 5 It is another object of the present invention to provide an 

2 or the group of the grooves 3 is made to be a ix)n-magnetic information recording medium for recording an information 
area and the other is made to be a magnetic area. One of the signal thereon comprising: a supporter on which lands and 
most significant points to realize the DWDD reproducing is grooves are alternately formed as a minute track pattern, a 
that a designed super-resolution phenomenon is never devel- crevice, at least, formed in the respective grooves, the 
oped as far as both the group of the lands 2 and the group lo crevice having a depth larger than that of the rcq)cctive 
of the grooves 3 are made to be the magnetic area. In other grooves, and a recording layer formed on the supporter, 
words, the DWDD is not developed in the information itisstiDanother object of the present invention to provide 
recording medium A ^own in FIG. 6 as it is. Thus, it is ^ information recording medium for recording an informa- 
necessary to convert a part of the magnetic area into a signal thereon comprising: a supporter on which lands 
non-magnetic area corresponding to non-recording tracks by 15 grooves are alternately formed as a minute track pattern; 
continuously heating the part of the magnetic area with a crevices formed in the re^)ective grcxjves nearby both 
laser beam from a recording/reproducing pickup at a higher of the respective grooves in a width direction of the 
power than that used in the recording. respective grooves, the two crevices having a depth larger 

FIG. 7 is a schematic sectional view showing a state than that of the respective grooves, and a recording layer 

where the lands of die DWDD type information recording 20 formed on the supporter. 

medium shown in ¥IG. 6 are armealed, wherein the grooves It is a ftirther object of the present invention to provide an 

3 are made to be recorded tracks and the lands 2 are made supporter used for forming a recording layer of an informa- 
to be non-magnetic tracks. tion recording medium thereon, wherein lands and grooves 

Specifically, before recording an information signal on the are altemately formed in the supporter as a minute track 

grooves 3, the magnetic area of tiie lands 2 is converted into ^ pattern, and, at least, one crevice having a depth larger tiian 

a non-magnetic area by continuously scannir^ the lands 2 that of the reflective grooves is formed in the reflective 

with the laser beam at a higher power L than that used in the grcx)ves. 

recording. This process is referred to as a laser aimealing It is a still further object of the present invention to 

process hereinafter. In FIG. 7, a hatched portion represents ^ provide an supporter used for forming a recording layer of 

an annealed portion. Thus, the magnetic coupling between an information recording medium thereon, wherein lands 

the lands 2 and the grooves 3 are disconnected, resulting in and grooves are altemately formed in the supporter as a 

a DWDD type information recording medium 40. After the minute track pattern, and two crevice having a depth larger 

laser annealing process, it is possible to record/reproduce an than that of the respective grooves, are formed in the 

infonnation signal on/from the grooves 3, resulting a respective grooves nearby both ends thereof in a width 

development of the super-resolution phenomenon in the direction of the respective grooves, 

reproducing. This means that it is possible to read out a another object of the present invention to provide a 

recorded information signal having a signal length smaller mamifacture method of an supporter used for forming a 

than that of the optically readable minimum signal length recording layer of an information recording medium thereon 

which is calculated by using both a wavelength of a laser ^ comprising the steps of: forming a patterning mask having 

beam and a numerical aperture of an objective lens used in an dry-etching proof on a support member polished in high 

the reproducing process. precision and cleaned; forming a pattern corresponding to 

The DWDD technique mentioned above is an excellent the minute track pattem on the patterning mask on the 

super-resolution recording/reproducing technique in siqiport member; forming the grooves and the crevice at the 

princqile, however, there is no alternative but the laser same time by a dry-etching method under a gas pressure of 

annealing to disconnect the magnetic coupling betnreen the 35 to 500 mtorr; and, removing the patterning mask 

lands 2 and the grooves 3. This fact causes a problem of poor remained. 

mass-productivity of the infonnation recording medium. For further object of the present invention is to provide a 

instance, it takes a long time of 30 to 90 ounutes for the laser manufacture apparatus for manufacturing a supporter used 

armealing process because every track has to be scanned ^ for fonning a recording layer of an information medium 

with the laser beam. Further, there is a theoretical problem thereon, wherein the manufacture apparatus has means for 

that it is impossible to record an information signal on both simultaneously forming grooves and crevices in the sup- 

the lands 2 and the grooves 3 because it requires an alternate porter according to a nunute track pattem formed thereon by 

construction of the magnetic area and the non-magnetic area. dry-etching. 

Thus, such a land/groove recording as utilized m a DVD- A still further object of the present invention is to provide 

RAM can not be realized, resulting in a limitation to realize ^ stamper used for producing a supporter for forming a 

a large capacity recording. recording layer of an information recording medium 

thereon, wherein lands and grooves are alternately formed 

SUMMARY OF THE INVENTION ^^^^^ ^ ^ ^ ^^^^ ^^^g ^ height larger tiian that 

Accordingly, it is a general object of the present invention go of the respective grooves is, at least, formed in the respective 

to provide an infonnation recording medium in which the grooves. 

above disadvantages have been eliminated. Another object of the present invention is to provide a 
It is a more specific object of the present invention to manufacturing method of a siq)porter for fonning a record- 
provide information recording mediums capable of record- ing layer of an information recording medium thereon, 
ing information signals on both lands and grooves and 65 comprising tiie steps offorming a glass master, producing a 
having a large recording capacity and a high mass- stamper fiom the gjass master and forming die supporter 
productivity without the laser annealing process, supporters with die stamper, wherein the glass master forming process 
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comprises the stepsofc forming a patterning mask having a HG. 20 is a section of other recording layer for explaining 

dry-etching proof on a support base polished in high prcd- a concrete laminated structure of the reoordii^ layer m the 

sion and cleaned; forming a pattern corresponding to a present invention; 

minute track pattern on the patterning mask formed on the pjQ 21 is a graph showing a mark length vs C/N 

support base; forming grooves and crevices in the support 5 ^production frequency characteristic on a land recoiding of 

base at the same time according the pattern by dry-etching ^ information recording disc in the present invention; 

miderthegaspressureof35to5Wmtorr^^ FIG. 22 is a graph showing a mark length vs C/N 

pattermng mask remamed from the support base. ^production freq^enjr characteristic on a groove recording 

BRIEF DESCRIPTION OF THE DRAWINGS ^f an information recording disc in the present invention; 

FIG. 1 is a schematic sectional view of a supporter of a ^IG. 23 is a chart showing concrete dimensions of the 

first embodiment used for an information recoiding medium surfece shape of the supporter in the present invention; 

in the present invention; Pjq 24 is a section showing a recording layer for 

HG. 2 is a schematic sectional view of an information explaining other concrete laminated structure of the record- 
recording medium of a first embodiment m the present j^y^^. ^ ^teseni invention. 

invention; . , . * c FIG. 25 is a chart showing measurement vahies of jitter on 

HG. 3 is a schematic sectional view of a supporter of a land/groove recording in the present invention; and 

second embodiment used for an information recordmg ^ ». • * 1 ^ 

medium in the present invention; ^ HG. 26 is a chart showmg measurement values of jitter on 

HG. 4 is a schematic sectional view of an information ^ the l^d/^ve recordmg m the pnor art. 

recording medium of a second embodiment in the present ^ Through the drawings like parte are designatedjwth hte 

inventio^ reference characters, and a detailed desciqition thereof is 

HG. 5 is a schematic sectional view of a supporter used omitted for simpHcity. 

in an information recording medium in the prior art; DETAILED DESCRHmON OF THE 

FIG. 6 is a schematic sectional view of an mformation 25 PREFEREED EMBODIMENTS 
recording medium employing the supporter shown in FIG. 5 

in the prior art; Description is given in detail of embodiments of infor- 

FIG. 7 is a schematic sectional view showing a state mation recording mediums of the present invention, sup- 
where the lands of the DWDD type information recording porters used for the information recoiding mediums, manu- 
medium shown in FIG. 6 are annealed; 30 facturing methods for the supporters, manufacturing 

FIG 8 is a chart showing dimensions of constractive parts apparatuses for the supporters and stampers for producing 

of the support shown in FIG. 1; the information recoiding mediums in the present invention. 

FIG. 9 is a section of a recordii^ layer for explaining a FIG. 1 is a schematic sectional view of a supporter of a 

concrete lamination structure of the recording layer in the first embodiment used for an information recording medium 

present invention; 35 in the present invention; 

FIG. 10 is a chart showing dimensions of constructive piG. 2 is a schematic sectional view of an information 

parts of the supporter of the second embodiment shown in recording medium of a first embodiment in the present 

FIG. 3: invention; 

FIG. 11 is a section of another recording layer for explain- pi(j. 3 is a schematic sectional view of a supporter of a 

ing a concrete lamination structure of the recording layer in ^ second embodiment used for an information recording 

the present invention; medium in the present invention; 

FIG. 12 is a graph showing a mark length vs C/N 4 a schematic sectional view of an information 

reproducing characteristic of the information recording recording medium of a second embodiment in the present 

medium of the first embodiment shown in FIG. 2; invention; 

no. 13 is a graph showing a mark length vs C^ pj^g ^ ^ schematic sectional views for 

reproducing characteristics as the land recording of the explaining a manufacturing process of the supporter of the 

information recording medium of the second embodiment; embodiment shown in FIG. 1 in the present invention; 

no. 14 is a gr^h showing a mark lengA vs . . ^ schematic sectional views for 

reproducing characteristics as the pwve fw^^^g of the ^ ^ ^ manufacturing process of the supporter of tiie 

information recordmg medium of the second embodimrat; embodiment shown in FIG. 3 in the present inven- 

FIGS. 15 (a) to 15 (e) are schematic sectional views for 

explainingamanufacturinpr^^ ^ ^^^^^^ ^^^^^ fo, 

embodmient shown m na 1 m the present mvenUon; a manufacturing process of the supporter of a 

FIGS. 16 (a) to 16 (.) are schematic sectional views for emtodiment in the prlJent invention; 

explaining a manufactunng process of the supporter 01 the . «f 

s^nd^bodiment show^ to HG. 3 in the present toven- HG. 17 is . schematic >«ew for c^bmm .» 

a dry etching apparatus used m the manufactunng process of 

FIG. 17 is a schematic view for explaining a sUiicUu-e of the supporter, . . , , . . . ^ r 

a dry etching apparatus used in the manu&cturing process of FIG. 18 is a schemaUc view for explammg a structure of 

the supporto- another dry etching apparatus used m the manufactunng 

HG. 18 is 'a schematic view for explaining a structure of P^cess of the supporter; 

another dry etching apparatus used in the manufacturing Through the drawings, like parts are designated with hke 

process of the supporter; reference characters, and a detailed descrq»tion thereof is 

HGS. 19 (a) to 19 (i) are schematic sectional views for 65 omitted for simpUcity. 

explaining a manufacturing process of the supporter of a The present inventions have been obtained by studying 

third embodiment 3 in tiie present invention; the problems mentroned in the foregoing. 
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Specifically, in the DWDD type infonnation recording laiger than a depth Dg of the rei^ctive grooves 3 is formed 

medium 40 in the prior art shown in FIG. 7, the reason ^y in the respective grooves 3. 

the lands 2 have to be non-magnetized depends on a fact that shown in FIG. 2» the infonnation recording medium B 

the recording layer 5 is faithfully formed as one layer on the of the present invention comprises the supporter lA shown 

siq>porter 7 in accordance with a surface ^ape of the 5 in piG. 1, a recording layer 5 formed on the supporter lA 

supporter by continuously forming the lands 2 and the and a protection layer 6 on the recording layer 5, which ate 

grooves 3 without a gap, otherwise, in order to save the laser laminated in this oider. 

annealing process, the recording layer needs to be cut at recording layer 5 is formed on a surface of the 

every recordiiig track However, it is impossible to form supporter lA by a sputtering method, however, sputtered 

deseed discrete tracks by usmg a sputte^^ lO materials from a sputtering apparatus are not attached in the 

hzed m forming the magneto-optical layer such as the 4 ^^^^ 4 itself becomes a shadow for 

recording layer 5 because of its good diffusion or invadmg ^^uttering, resulting in that the recording layer 5 is 

characteristic of guttered materials. scarcely formed in the crevice 4, even when the sputtering 

According to the present invention, it is possible to apparatus has a good diffusion or invading characteristic of 

provide a supporter capable of forming a recording layer 5 15 sputtered materials. 

having discrete tracte (capable of forming a gap between a Accordingly, the recording layer 5 has such a shape as 

groove 3 and a land 2 adja^nt to each other) by emplojong ^. „^ respective crevices 4, Only one crevice 

a oonvenuonal thm-layer formmg apparatus. Further, it is 4 ^^^^ ^ ^ respective grooves 3. Thus, a number of 

possfcletoprovideaninformationrecordmgme^^^ effective recording tracks coincides with the number of the 

the discrete tracks by utihzmg the support menUoned above. 20 ^ ( referred to as a land recording). 

A supporter lA of a first embodiment in the present ^^^^ ^ ^^^^^^ ^ ^ ^ ^^^^ ^ ^ 

mvention IS shown m FIG. 1. As seen from HG^l, on a 3> ^ ^ 

surface of die supporter lA, grooves 3 and lands 2 are ^^^^^^ ^ continuous flat layer thereon, 

ahernately formed m the same mami^ as those of the ^^^^ ^ ^ ^ ^^^ ^ ^ 

supporter 40 m the prior art shown m FIG. 5. ^ ^^^^^ j^^^^ 5 ^ discontinuously formed. ^ con- 

However, it should be noted that m the supporter lAof the tmaous construction of the protection layer 6 does not 

first embodiment, there is provided one crevice 4 between a interfere with the recording layer 5. 

groove 3 and a land 2 adjacent to each other. A bottom , • r ^ ^nc 

^ c^uiji^ 1° other words, the informaUon recording medium B of 

one crevice 4 in each groove 3 disposed between the On Ac siq)poiter lA of the present mvention. at kasl, a 

adjacent lands 2 lecoiding layer 5 is formed. In addition, the lands 2 and 

Here, the crevice 4 refers to a concave shape formed or Braves 3 ate alternately fonnrf on the supporter lA as a 

boredinthegrooveSofthesupporterlAataiiSitionlower „ ^^"^1^^^^^^^:^^^°^"^ 

than that of Se bottom surface d the groove 3. A depth DC ^ 4havmg a A^Dclargwthanadepth Dg of «l«r^p^ 

^ .1, , . yi ♦ 1 _ ♦u « A^^*uT\» tu.. «JL„o t grooves 3 is formed withm the rea>ective grooves 3 nearby 

of the crevice 4 is larger than a depth Dg of the groove 3 ^ »rx^.i. 'j^L 

/TA^rt^A Z. A o r.f o„ one end 3a (or 36) of the reanective grooves 3 m the width 

(DoDg). Ine crevice 4 has a section oi an mverse ^* ♦ u f 

rectangular, i.e., a sharp V-letter diteh. When the sharp ^irecUon thereot. 

V-letter ditch is observed from an outside thereof it seems In summary, the information recording medium of the 

to be a crevice Thus, it is named a crevice after its shape by present invention has constructive features that on the sup- 

the present inventor. In FIG. 1, a reference character Wl Porter of the present invention, at least, a recording layer 5 

designates a width of the land 2, Wc a width of the crevice ^ formed, and the lands 2 and grooves 3 are alternately 

4 and Wg+Wc a width of the groove 3. formed on the supporter as a minute recording track pattern, 

In this embodiment, the crevice 4 is formed nearby one 45 and, at least one crevice 4 having a depth Dc laiger than a 

end3flofthegroove3inawidthdirectionofthegroove3. depth Dg of the re^Uve grooves 3 is formed withm the 

However, the wevice 4 may be formed nearby the other end respective grooves 3. 

3b thou^ it not depk:ted. Further, the crevice 4 may be As shown in FIG. 3, a supporter IB of a second embodi- 

formed nearby a center portion in the groove 3 as a single ment in the present invention has a alternately repeated 

one or phiral ones each having a sharp V-letter ditch, if 50 construction of a land 2 and a groove 3 adjacent to the land 

necessary. 2 in the same maimer as mentioned in the prior art, and is 

In other words, the supporter lA of the present invention f P*^ of crevices 4, 4 in the reactive gro<«res 

used for an information recording medium is appUed to an ^ °«^y ^'ds of tte respective grooves 3 m a width 

information recording medium B (shown in FIG. 2) of the f^^^^ Each of the pair of crevic^ 4, 4 is formed 

present invention, and has constructive features that it is 55 ^« 6^*^ ^ * P^^*?" ^ ^ * •^^'^ 

formed with the lands 2 and grooves 3 alternately formed on s^^^e of the groove 3 so tfiat a depth Dc of the crevice 4 

the surface thereof as a minute track pattern. In addition, the ^ larger than a depth Dg of the groove 3, and is formed to 

respective grooves are formed with a crevice 4 having a have an mverse rectangular m section. i.e., a sharp V-letter 

depth Dc larger than that of the groove 3 nearby one end 3a sl^^pe in section as mentioned m the foregomg. 

or the other end 3b of the respective grooves 3 in the width 60 1° ^1^. 3, a reference character Wl represents a width of 

direction of the groove 3. the land 2, Wc a width of the crevice 4 and Wg+2Wc a width 

In summary, a supporter for an information recording of the groove 3. 

medium according to the present invention is used for an In other words, the supporter IB of the second embodi- 

information recording medium according to the present ment in the present invention used for an information 

invention, and has constructive features that it has the lands 65 recording medium is applied to an information recording 

2 and the grooves 3 alternately formed thereon as a minute medium C (shown in FIG. 4) of a second embodiment in the 

track pattern, and, at least, one oevice 4 having a depth Dc present invention, and has constructive features that it is 
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alternately fonned with the lands 2 and grooves 3 thereon as [Embodiment 1] 

a minute track pattern. Further, in the respective grooves 3 An example of a card type information recording medium 

there are formed a pair of crevices 4, 4 each having a depth formed with the lands and the grooves in parallel 

Dc larger than a depth Dg of the groove 3 nearby both ends Asupporter lAmade of a quartz glass plate of 85 nun x54 
3fl,36of the respective grooves 3 in the width direction of 5 nimxO,7 mm was prepared. The schematic sectional view of 

the groove 3. the supporter lA is shown in FIG. 1, wherein the lands 2, the 

As shown in FIG. 4, the information recording medium C grooves 3 and the crevices 4 arc fonned as mentioned in the 

of the second embodiment in the present invention has the foregoing. 

supporter IB shown in FIG. 3, a recording layer 5 fonned on pjQ ^^art showing dimensions of constructive parts 

the supporter IB and a protection layer 6 on the recording support shown in FIG. 1. 

layer 5, which are laminated in this order. Here the record- dimensions of constructive parts of the supporter lA 

ing layer 5 is fonned by a sputtenng method, however, ^ in FIG. 8 in accordance with the reference 

sputtered materials from a sputtenng apparatus are not characters shown in FIG. 1, 

attachedinthecrevice4becausethecrevice4itselfbecomes Mtu wi 'f lonH-J^n^f^ a width 
ashadowfor^e^uttering,resul^^^^ - OV^^^S^^^^^ 

Sf ^e sputtered rSaterials. Accordingly, the recording depth Dg of the groove 3 is 0.2 ^ and a depth Dc of the 

layer 5 has such a shape as being cut nearby the respective crevice 4 is 0J5 

crevices 4. TWo crevices 4 are fonned in the reactive 20 Next, on the supporter lA, a recording layer 5 and a 

grooves 3. Thus, a number of effective recording tracks protection layer 6 were fonned. The recording layer 5 was 

coincides with a sum of a number of the lands 2 and a formed by a weU known sputtering method, 

number of the grooves 3 (referred to as a land/groove piG. 9 is a section of a recording layer for explairiing a 

recording). concrete lamination structure of the recording layer in the 

On the other hand, the protection layer 6 is formed as a ^ present invention, 
thick layer on the recording layer 5 by a spin coating Materials used for the recording layer 5 are shown in FIG. 
method, resulting in a continuous flat layer thereon. 9. Specifically, the recording layer 5 was fonned by sand- 
However, it should be noted that an important thing is that wiching a magneto-optical layer of the triple-laywed film (a 
the recording layer 5 is discontinuously fonned. The con- displacement layer 5fll of GdCo having a thickness of 30 
tinuous construction of the protection layer 6 does not nm, a switdiing layer 5a2 of DyFe having a thickness of 10 
interfere with the recording layer 5. nm and a memory layer 5fl3 of TbFeCo having a thickness 

As mentioned above, according to the infonnation record- of 40 nm) known as the DWDD, (Domain Wall Displww- 

ing medium C of the second embodiment in the present ment Detection) type super-resolution layer between a first 

invention it is possible to realize a land/groove recording 35 dielectric layer Sa4 of SiO having thickness of 100 nm and 

which was imposs&le in the prior art, resulting in a double a second dielectric Uyer SaS of TaO havmg a thidmess of 

recording capacity compared to that of the recording 60 nm. Next, the protection layer 6 was fonned on the 

medium B of the first embodiment shown in FIG. 2. recording layer 5 by coating a thermosettmg resm at a 

In other words, the infonnation recording medium C of tMckness of 15 /mi by a weU Imovm screen pn^^^^^ 

the present invention has constmctive features as foUows. 40 T^"^ 

J . L j: • *u • baking. This card was cut m a perpendicular direction to 

On the supporter IB mentioned m the foregpmg tiiere is ^^^^ing tracks. The section of the card was observed with 

fonned, at least, a recording layer 5. In addition, the lands 2 ^ ^^.i^g electron microscope. As a result, it was con- 

and grooves 3 are alternately fonned on a surtace of the ^^^^ sectional shape as shown as 

supporter as a minute recording track pattern. Further, a pair ^^^^ piG. 2. 

of crevices 4 each having a depth Dc larger than a depth Dg 45 . ' . u i^^^iU ^ n/K 

of the respective grooves 3 is formed within the respective ^^'^'^J' * T^iZ «^rS2 

aooves3Deaibyb^ends3a,3*oftherespectivegrooves reproducmg char«*ir«Uc of 4e mfomatton reconhng 

l^the width Action thereof. mediumof thcfin^embodunentshownmHG 2. 

„ ^ . , . f - ♦k^ ;«f««^o*,v,« Next, an information signal was recoraed/reproouced 

^STme^re'^ftetl-eSrnt'^h^^^^ - "■^ra'tr V^S"^ t ^^^u^"^ 

into .pluialityof reconhngaieasScevcry mumtc lecordmg ^ ^ 

, employed a laser beam having a wavelength of 780 nm and 

On the other hand, in the information recording medium ^ objective lens having a numerical aperture of 0.55. In this 

C of the second embodiment shown in FIG. 4, the recordmg ^^^^^ ^ single frequency recording/reproducing was 

layer 5 formed on the supporter IB is cut into a pluraUty of perfonned, however, it should be noted that no laser anneal- 

rccording areas 5d every minute recording track. carried out. The recording power was 3.5 mW and 

Furthermore, the recording layer 5, as a constructive the reproducing power was 1.9 mW. Upon reproducing it 

member of the recording medium A or B, has, at least, a ^ confirmed that a super-resolution phenomenon was 

sqier-resolution recording layer, and this super-resolution developed because a recording/reproducing of the i^ortest 

recording layer is made of the DWDD type super-resolution ^ajt length of 0.08 ^ was attained. Further, the C/N at a 

magneto-optical recording layer of a triple-layered fihn mark length of 0.1 /im was 34 dB which is a reproducing 

composed of the displacement layer, the switching layer and level enough for a practical use. In this connection, a 

the memory layer as mentioned in the foregoing. 55 reproducing limitation obtained from a theoretical calcula- 

Next, the description is given of the recording medhims of tion by using the wavelength and the numerical qwrture is 

concert embodiments 1 to 4 in the present invention. a marie length of 03 5 /an. 
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[Embodiment 2] retical calculation by using the wavelength and the numeri- 

An example of an information lecoiding disc, wherein a cal aperture is a mark length of 0.26 /im 

land and a groove are coaxially and spiraUy formed in FIG. 14 is a graph showmg a mark length vs C/N 

parallel to each other. reproducing characteristics as the groove recording of the 

Asupporter IB made of a soda lime glass plate having a ^ information recording medium of the second embodiment 
diameter of 120 mm and a thickness of 0.6 nmi was Next, an information recording signal was recorded/ 
prepared. The schematic sectional view of the supporter IB reproduced on/from the grooves 3 by irradiating and focus- 
is shown in FIG. 3, wherein the land 2, the groove 3 having ing the laser beam on the grooves 3, resulting in a repro- 
the crevices 4 are coaxially and spiraUy formed in parallel to ducing characteristic of a mark vs C/N as shown in FIG. 14. 
each other. As seen from FIG. 14, it was confirmed that the shortest 

HG 10 is a chart showing dimensions of constructive mark of 0.08 ^ had been attained, resulting in a generation 

parte of the supporter of the second embodiment shown in of the super-resohition phenomenon. Further, the C/N at a 

FIG 3 mark length of 0.1 /an is 35 dB which is a reproducmg level 

The'dimensional construction of the supporter IB is enough for a practical use. 

shown m FIG. 10 in accordance with the reference charac- Thus, it should be noted that the land/groove recordmg 

tens shown in FIG 3 has been realized in the information recording medium IB 

Specifically, a width Wl of the land 2 is 0.51 /mi, a width of the second embodiment as mentioned referring to HGS. 

(Wg+2Wc) of the groove 3 is 0S9 /en, wherein the width 1^ and 14. 

Wg is 0.51 A<m and the width Wc of the crevice 4 is 0.04 /an, 20 As seen from the embodiments in the foregomg, the 

the depth Dg of the groove 3 is 0^ /fln and the depth Dc of recording layer 5 can be automatically cut into every track 

the crevice 4 is 035 /an. by employing the supporter lAor IB having crevices 4 even 

Next, on this supporter IB, the recording layer 5 and the when the conventional sputtering apparatus is utilized Here, 

protec^n layer eTre formed. an important thing is that it ^ possible to separate Je 

HG llisaseclionof anotherrecordinglayerforexplain- 25 recordmg layer 5 into every track at a tmie wten the 

riu. xj. la « a«*.uuu oiiwui ^ . • sputtering thui layer forming process has been completed 

ing a concrete himmated structure of the recordmg layer m g ^^^y P^^^ ^^^^ ^ self siting of 

the present mvention. , , ^. ■ , the recording layer 5 is realized at every track. Thereby, it is 

The recording layer 5 was made of recordmg materials ^^sible to reahze a high density recording/reproducing, 

shown in FIG. 11 by using a known sputtering method. ^ finally, it is possible to save the laser ani^aling for the 

Specifically, the recording layer 5 was formed by sand- super-resohition recording layer represented by the DWDD, 

widiing the DWDD type super-resolution layer such as the resulting in a realization of the land/groove recording, 

triple-layered magneto-optical film comp^ of the dK- ^^^^ description has been given of the supporters 

placement hyer Sbl ofGdFeCr (thickne^^ mn) Ae ^ information recording mediums and the infor- 

switchinglayer5^2ofTWeCr^^^^ ^ ^bo^, supporters, 

memory layer 5b3 of TbFeCoCr (thictaiess of 80 n^ ^^^^^^^ ^ 

between a first dielectric layer of (thictoe^ of 90 ^^j^^^j^ ^he materials and dimensions of the con- 

nm) and a second dielectnc layer 5bS of SiN (thickness of ^^^^ members may be optionally changed if necessary. 

^ , r f ^ iK« In the present invention, the supporter to be used needs to 

Next, the protechon layer 6 was ^^^^^ mijhe s^^^^ ^ J^^ ^ ^ 

die ectnc layer SbS m such a crevices 4, and can be made from various kinds of synthetic 

curmg resm was coated to be 6 /im by the weU kno^ Am polycarbonate, poly (methyl methacrylate), 

film rotating forming method and was cured by irradiatmg po^rbonate-^oly^tjien copolymer,' polV 

ultraviolet rays thereon. ^^yj chloride), alicyUc polyolefin and poly (methyl 

This infonnation recording disc was cut m a perpcndicu- 45 pemgne), and glasses such as a soda aluminosilicate glass 

lar direction to the recording tracks, and the section of the ^ ^ borosilicate glass. Further, on the supporter lA or IB, 

disc was observed with a scanning electron microscope. holograms or certified marics may be formed other than 

Thus, it was confirmed that the section of the disc had a 2 grooves 3 and crevices 4, if necessary, 

sectional shape as shown in HG. 4. As the materials of the recording layer 5, there may be 

FIG. 13 is a graph showmg a m^ lengtti vs 50 ^ inorganic materials such as neodymium, dysprosium, 

reproducing characteristics as the land recording of the bismuth, palladium, samarium, hohnium, erbium, ytterbium, 

information recording medium of the second embodiment. nithenium, praseodymium manganese, titamum, ahiminum. 

Next, an information signal was recorded/reproduced silicon, indium, antimony, tellurium, selenium, arsenic, 

on/from this information recording disc by irradiating and platinum, gold, silver, copper, tin, sulfur, and its alloys 

focusing a laser beam on the lands 2 thereof, resulting in a 55 (ind^ding oxide, nitride and carbide) other than terbium, 

reproducing characteristic of a mark length vs C/N as shown cobalt, iron, gadolinium and diromium. 

in HG. 13. In the recording apparatus used here there were ^ ^ ^^^^^^ ^^j^^ j^y^^ 

employed a laser team havmg a wavelengtii of 69^^^^ magnesium, calcium, aluminum, 

an objective lens having a numerical aperture of 0.6, and a ^^^^^^ zirconium, fluorine, sulfiir, and its aUoys may be 

singlefrequencyrecordmg/reproducmgwascarnedout.T^^ 60 other than siHcon and tantalum, 

recording power was 3.7 mW and the reproducing power . , 1. n 1 u 

^ Z2 «W. Upon ^producing it was^nfinned that a Furthermore, as the matenak of the -^A^^ye l^er «^ 

recoiding of a ii»ik kngth of 0 06 m b»d been attained. sidunly used, ahiminum, gold, sdvei. copper, iron, zinc, 

resulting in a generation of a super-iesohition phenomenon. chromium tantahim, titamuin. molybdenum, silicon and 

Fuither;theC/Natamarklengthof0.1;imwas36dBwhich dS nickel, and its aUoys may be laminated, 

is a reproducing level enougb for a practical use. In this Further, as the materials of the protection layer 6, there 
connection, a repioducii^ limitation obtained firom a theo- may be employed various kinds of radiation (inchiding 
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visible lights) curing resins^ an electron beam curing resin, 
a moist curing resin and a mixing type curing resin other 
than the themiosetting lesin or the ultraviolet ray curing 
resin. On the protecdoo layer 6, characters or the like may 
be printed, if necessary. 

The wavelength of the laser beam used for recording or 
reproducing is not limited to 780 nm or 690 nm. It is possible 
to employ a wave length of 830, 650, 635, 532, 430, 410 or 
370 nm. Further, as to the numerical aperture of the objective 
lens used for the apparatus^ it is posable to employ 0.4, 0.45, 
0.65, 0.7, 0.75, 0.8, 0.85, or 0.9.other than 055 and 0.6. 
Further, it is possible to employ a numerical ^rture larger 
than 1 as typically seen in a solid immersion lens. Needless 
to say, it is possible to change the thickness and the structure 
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In the above processes, the important things reside in 
special etching methods or apparatuses for simultaneously 
forming the groove 3 and crevice 4. 

These methods and ^paratuses are explained in detail 
through an example of the supporter lA explained in the 
Embodiment 1 and the supporter IB explained in the 
Embodiment 2 mentioned in die foregoing. 

FIGS. 15 (a) to 15 (e) are schematic views for explaining 
a manufacturing method of the supporter of the first embodi- 
ment shown in FIG. 1 in the present invention, 

FIG. 17 is a schematic view for eiqilainiiig a dry etchixig 
apparatus of the present invention. 

First, a description is given of a manufacturing method of 
a fixst embodiment through an example of the supporter lA 



of the respective layers 5, 6 and the external dimensions of 15 (FIGS. 1 and 8) on processes (1) to (5) mentioned betow. 
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the supporter lA or IB, and its minute dimensions 

TTie description has been given of the examples of the 
card and the disc as the information recording medium and 
the supporters for the mediums in the present invention. 
However, the present invention is not limited to these 
embodiments but applicable to others, for instance, to an 
optical floppy disc and an optical tape other than the card 
and the disc. 

As the recording layer 5 used in the Embodiments 1 and 
2, the DWDD type super-resolution layer is employed, 25 
however, the recording layer of the present invention is not 
limited to it Other super-resolution layers based on other 
reproducing principles may t>e employed for it. 

Next, a description is given of manufacturing methods of 
the siqyporters lA and IB of a first and second embodiment 
in the present invention. 

The dimensions of the ra^ective crevices 4 formed on the 
supporter are smaller than those of the lands 2 and grooves 
3 formed as a minute trade pattern. Further, the respective 
crevices 4 need to be formed at a precise position in the 
respective grooves 4. If a conventional photo-etching 
method is employed to form the minute track pattern and the 
crevices 4, there are needed two processes, a groove forming 
process and a crevice forming process, resulting in a prob- 
lem of a difficulty of the positional adjustment. 

In the manufacture method of the supporter in the present 
invention, the above problem has been eliminated by form- 
ing the crevices 4 and the grooves 3 at the same time on the 
siq)porter by a dry etching method. 

The manufacture method of the supporters lA and IB of 
the first and second embodiments in the present invention 
generally has a series of processes (a) to (e) as follows: 

(a) preparing a supporter 1 policed in high precision and 
cleaned; 

(b) forming a patterning mask 8 on the supporter 1 by 
coating a mask material having a dry etching proo^ 

(c) forming a pattern approximately corresponding to a 
necessary minute track pattern by a conventional pho- 
tolithography method, herein a flat portion 9 approxi- 
mately corresponds to a position of a land 2, and an 
opening portion 10 approximately corresponds to a 
position of both a groove 3 and a crevice 4 after all the 
processes are completed; 

(d) forming the groove 3 and crevice 4 at the same time 
in the opening portion 10 of the pattern formed on the 
supporter 1 by a dry etching method with a special dry 
etching apparatus AA or BB according to the present 
invention, and 

(e) removing the patterning mask 8 remaining on the 
supporter 1, resulting in the supporter lA or IB shown 
in FIG. 1 or 3. 
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referring to FIGS. 15 (a) to 15 (e). 

(1) preparing a supporter 1 having a mirror surface made 
of a quartz glass plate (85 mmx54 mmxO.7 mm) of 
which surface is polished in higji precision and cleaned 
(FIG. 15 (a)); 

(2) forming a patterning mask 8 on the supporter 1 by 
uniformly coating chromium as the patterning mask 8 
(HG. 15(6)); 

(3) forming a pattern on the patterning mask 8 corre- 
i^nding to a necessary minute track pattern by the 
conventional photolithography (FIG. 15 (c)). 
Specifically, a photo-resist was coated as a thin layer on 
the patteming mask 8. After a negative-film having a 
parallel pattern of line and space was superimposed on 
the thin layer of the photo-resist, an exposure and 
development were performed (not shown). 
Successively, the patteming mask 8 on the supporter 
was selectively removed by a wet etching method i.e., 
by dipping the supporter 1 into a mixed solution of 
2-cerium ammon and glacial acetic acid, resulting in a 
pattern of the patteming mask 8 having flat portions 9 
having a width of 0.55 /<m and opening portions 10 
having a width of 0.55 fan after the photo-resist 
remained was removed. 

(4) The supporter 1 was placed on a substrate electrode 22 
of a parallel plate type dry etching apparatus AA shown 
in FIG. 17 of the present invention. Then, the opening 
portions 10 of the patterning mask 8 were dry-etched 
by using CF4 gas O^G. 15 (d)), 

(5) After etched, the pattemii^ mask 8 was removed by 
dipping the supporter 1 into a mixed solution of 
2-cerium ammon and glacial acetic acid, resulting in 
the supporter lA (FIG. 15 (e)). 

In the above process (4), the dry etching process was 
performed by using a dry etching apparatus AA shown in 
FIG. 17. The dry etching apparatus AA is provided with 
means for simultaneously forming or boring the grooves 3 
and the crevices 4 in the supporter 1 at positions correspond- 
ing to the opening portions 10 of the patteming mask 8 by 
dry-etching, as mentioned hereinafter 

The dry etching apparatus AA has a constmction of a 
parallel plate type etching apparatus. Specifically, referring 
to FIG. 17, a reference character 1 represents the supporter 
having a mirror surface to be dry-etched as a sample, and the 
supporter 1 to be dry-etched is placed on a substrate elec- 
trode 22. A reference character 23 represents a first valve 
installed in a vacuum exhaust system channel 23a, 24 a 
second valve installed in an etching gas exhaust system 
channel 24a, 25 a conductance valve installed in a channel 
formed between a chamber 26 and the first and second 
valves 23, 24. 
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A reference character 27 represents a flowmeter, and 28 a 
higb frequency power source. A reference character 29 
represents an etching gas inlet of which one end is connected 
to the flowmeter 27 and of which another other end is 
protruding into the chamber 26, 20 an opposed electrode as 
a grounded pole wfaicfa is fixed in a position apart from the 
substrate electrode 22 at a predetermined distance, and 21 a 
gas bomb for dry-etching. Further, the etching gas inlet 29 
is disposed q)proximately at an opposite side of the con- 
ductance valve 25, resulting that the supporter 1 to be 
dry-etched stands between the etching gas inlet 29 and the 
conductance valve 25. Thus, the etching gas flows over the 
support 1 from the gas inlet 29 to the etching gas exhaust 
system 24a througjh the conductance vahre 25. InddentaUy, 
the substrate electrode 22 is cooled down at temperature of is 
22^0 C. 

A dry-etching process of the supporter 1 to be try-etched 
is successively performed with the dry etching apparatus AA 
according to the following processes (1) to (3). After the 
supporter 1 as a sample is placed on the substrate electrode 
22, the chamber 26 is evacuated in a high vacuum level by 
opening the first valve 23 installed in the high vacuum 
exhaust system 23a and closing the second valve 24 
installed in the etching gas exhaust system 24a and operat- 
ing the conductance valve (CV) 25. Next, the high vacuum 
exhaust system 23a is changed into the etching gas exhaust 
system 24a by a closing the first valve 23 and opening the 
second valve 24. In this state, the etching gas is introduced 
into the chamber 26 from the gas bomb 21 through the 
flowmeter 27 and the etching gas inlet 29. After the flow- 
meter 27 and the conductance valve 25 are adjusted so that 
the chamber 26 satisfies predetermined conditions, the sup- 
porter 1 as the sample is dry-etched with a plasma developed 
by applying a high frequency voltage from the high fre- 
quency power source 28 between the substrate electrode 22 
and the opposed electrode 20. Thus, it is possible to dry-etch 
the supporter 1 corresponding to the opening portions 10 of 
the patterning mask 8 by using the dry etching apparatus 
AA 

Here, a description is given of the reason why the groove 
3 and the crevice 4 are formed at the same time by the dry 
etching method with the dry etching apparatus AA. 

Hie crevice 4 shown in FIG. 1 is not formed at both sides 
of the groove 3 therein but only at one side thereof. This 
reason is not sufficiently made clear, however, it seems that 
the development of the crevice 4 is related to a flow of the 
etching gas. 

Specifically, a boundary where the crevice 4 resides 
corresponds to an up-stream side of the etching gas (a side 
of the gas inlet 29) and a boundaiy where the crevice 4 does so 
not reside oorre^nds to a down-stream side of the etching 
gas (a side of the conductance valve 25). The reason for the 
development of the crevice 4 is not definitely clear as 
mentioned above, however, when the etching gas is 
unequally provided in the chamber 26 like as this apparatus, 
the respective crevices 4 are unevenly distributed at only a 
predetermined one side of the respective grooves 3. It is 
considered that in the plasma gas, both decomposition 
(etching) and accumulation (recombination of etched mate- 
rials with the sample to be etched) are simultaneously 
developed, and its balance is broken when the etching gas is 
unevenly provided into the chamber 26, resulting in the 
uneven distribution of the crevices 4. 

Under various kinds of etching conditions, the etching 
experiments were tried by the inventor, and a good experi- 
mental result was obtained of the supporter lA shown in 
FIGS. 1, 8 under following dry-etdiing conditions. 
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etching gas: CHF3 

gas pressure: 60 mtorr 

gas flow rate: 57 seem 

etching time: 3 minutes 30 seconds 

FIGS. 16 (a) to 16 (e) are schematic views for explaining 
a manufacturing method of the supporter of the second 
embodiment shown in FIGS. 3; and 

FIG. 18 is a schematic view for explaining another 
etching apparatus used in the manufacturing method shown 
in FIGS. 16 (a) to 16 (e) in the present invention. 

Next, the description is given of a manufacture method of 
a second embodiment through an example of the supporter 
IB shown in FIGS. 3, 10, referring to FIGS. 16 (a) to 16 (e), 
wherein like components are shown with like reference 
characters and the detailed descriptions thereof are omitted 
for simplicity. Specifically, 

(1) There was prepared a mirror supporter 1 made of a 
soda lime glass plate (a diameter of 120 mm and a 
thickness of 0.6 mm) of which surface is polished in 
high precision and cleaned ^G. 16 (a)). 

(2) A patterning mask 8 was formed on the mirror 
supporter 1 by uniformly coating photoresist thereon 
(FIG, 16(b)). 

(3) A pattern corre^nding to a necessary minute trade 
pattern was formed by a conventional laser beam 
recording method (FIG. 16 (c)). Specifically, a spiral 
groove pattern was recorded on the photo-resist as the 
patterning mask 8 by irradiating and focusing a laser 
beam thereon with an objective lens, and the photo- 
resist was developed(not shown) Thereby, there was 
obtained a pattern having flat portions 9 having a width 
of 0.5 f£m and opening portions 10 having a width of 
0.6 |<m. 

(4) The supporter 1 mentioned above was set in the 
parallel plate type dry etching apparatus BB shown in 
FIG. 18, and the dry etching was performed on the 
supporter 1 at positions corresponding to the opening 
portions 10 of the patterning mask (FIG. 16 (d)). 

(5) Afler dry etching, the patterning mask 8 was removed 
by ashing with oxygen plasma, resulting in the sup- 
porter IB (FIG. 16 (e)). 

In the above manufacture processes of the siqpporter IB, 
the dry etching process (5) is performed by using the dry 
etchii^ apparatus BB ^own in FIG. 18. The dry etching 
apparatus BB has means for simultaneously forming or 
boring the grooves 3 and the crevices 4 in the surf ace of the 
supporter 1 at positions ooiresponding to the opening por- 
tions 10 of the patterning mask 8 by dry-etching. 

The dry etching apparatus BB has a similar construction 
to the dry etching apparatus AA mentioned in the foregoing, 
however, an etching g^s providing structure this i^aratus 
BB is different from that of the dry etching apparatus AA 
Specifically, in the dry etching apparatus BB, there are 
circularly disposed a plurality of etching gas inlets 29 
around the mirror supporter 1 to be etched, so that the 
plurality of etdiing gas inlets 29 are allowed to provide the 
etching gas to the mirror supporter 1 from every direction. 
Other constructions of the apparatus BB are the same as 
those of the dry etching apparatus AA The dry etching 
processes by using the dry etching apparatus BB are 
approximately the same as the processes (1) to (5) by using 
the dry etching apparatus AA, as mentioned in the foregoing, 
thus, the detailed explanation thereof is omitted here. 

Next, the description is given of the reason why the 
grooves 3 and the crevices 4 are simultaneously formed by 
using the dry etching apparatus BB. 
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As mentiooed in the foregoing. Id the dry etching appa- 
ratus BB, the etching gas is provided to the supporter 1 from 
every direction. In this case, ions have an inchnation to 
concentrate to a pointed portion, for instance, a boundary 
portion between the flat portion 9 and the opening portion 
10. This inclination is remarkably enhanced at a h^ etching 
gas pressure. 

Accordingly, in the present invention, in order to form die 
crevice 4 at both sides of the opening portion 10, a higli 
etching gas pressure, which is not employed in a conven- 
tional dry etcMQg method, is employed. The high etching 
gas pressure refers to a gas pressure of not lower than 35 
mtorr. It has been confirmed by the present inventor through 
his e3q>erimental efforts that the dry etching was remaricably 



10 



mixed gases thereof, and other mixed gases containing 
oxygen, hydrogen, argon. He, N2, Ne, Ar, Kr, Xe, 03, CO, 
C02, H20 (vapor), CH4, CH3CH3, CH3CH2CH3, 
CH3CH2CH2CH3, CH2CH2, CH2CHCH3, 
CH2CH2CH2CH2, HCCH, and CH3CCH. 

Further, in the above embodiments, the description is 
given of examples where glasses are used as the material of 
the supporter 1 and the supporter 1 is dry-etched. Needless 
to say, the material of the supporter 1 is not limited to 
glasses. Other materials such as a metal and a plastic resin 
may be employed, because a feature of the present invention 
resides in the surface shape formed or bored on the surface 
of the supporter 1. 
Accordingly, even when the supporter 1 is made of a 



enhancedatthebothsideoftherespectiveopeningportions 15 plafc resin being shaped by using a stamper 



10 because of the ion concentration thereto only when the 
etching gas pressure was made to be not lower than 35 mtorr, 
resulting in the crevices 4 formed at both sides in the 
respective grooves 3. Incidentally, when the etching gas 
pressure is made to be higher than 500 mtorr, a dry etching 
speed is extremely decreased because of a degradation of the 
kinetic energy of the plasma gas itself. 

Accordingly, it is preferable to employ an etching gas 
pressure range of 35 to 500 mtorr. Especially, in this range, 
it is possible to form the crevice 4 and the groove 3 having 
the dimensions shown in FIG. 10. 

According to the experimental results, the supporter IB 
shown in FIG. 3 has been obtained under the coixlitions 1 to 
3 described below. 

Condition 1 

etching gas: CF4 

gas pressure: 35 mtorr 

flow rate: 40 seem 

etching time 6 minutes and 5 second 
Condition 2 
etching gas: CF4 
gas pressure: 50 mtorr 
flow rate: 53 socm 

etdiing time 6 minutes and 25 second 

Condition 3 

etdiing gas: CF4 

gas pressure: 65 mtorr 

flow rate : 64 seem 

etching time 5 minutes and 55 second 

According to this embodiment, the etching gas pressure 
used in the dry etching process in the present invention is 35 
to 500 mtorr. 

Under this condition, the grooves 3 and the crevices 4 are 
simultaneously formed or bored on the surface of the minor 
supporter 1. 

In the above embodiments, the manufacture methods of 
the supporters lA, IB are explained in detail. Further, in the 
above embodiments, as the material of the minor supporter 
1, the quartz glass and a soda lime glass are used, however, 
it is possible to employ soda alumina silicate glass or a 
barium borosilicate glass other than those glasses. Further, 
as the etching gas, CHF3 and CF4 are employed in the 
embodiments, however, it is not limited to those gases. It is 
possible to employ C2F6, C3F8, NF3, SF6 C2F4, C3F6, 
C4F8, C4F10, C5F8, C6F14, CF3CFOCF2, 
C6F5CF2CFCF2, CF3Br, CF31, C2F51, CF2C12, CFCB 
CH2F2, CHF2CF3, CH2FCF3, CH3CHF2, C2H3F3, 
C3HF7, CF3, CH2CF3, C6F5CHCH2, C12, CC14, Sia4, 
BCD, PCD, CC12F2, CC13F, BBr3, CH2C12, CHCB and 
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to the recording medium of the present invention as long as 
the supporter 1 has the same surface shape (lands, grooves 
and crevices) as mentioned in the foregoing. 

The manufacturing method of such a stamper for produc- 
ing a plurahty of replicas of the supporter 1 is described in 
detail hereinafter. The manufactuii4g processes shown in 
FIGS. 15 (a) to (e) and 16 (a) to (e) are applied to a 
manufacture of a glass master having the same size as that 
of the supporter 1 or larger than that, and it is possible to 
produce the stamper as a replica of the glass master by using 
a conventional optical disc manufacturirig process as it is. 

Further, as mentioned in the foregoing, the manufacturing 
apparatus used for producing the supporter acoordiiig to the 
manufacturing methods in the present invention may have 
means for forming a patterning mask on the supporter 1 
^lich is polished in high precision and cleaned, means for 
forming a pattern on the supporter corresponding to a minute 
track pattern, means for simultaneously forming or boring 
the grooves and crevices in the supporter by a dry-etching 
method under a gas pressure of 35 to 500 mtorr and means 
for removing the patterning mask. 
[Embodiment 3] 

Next, a description is given of an information recording 
medium of a third embodiment in the present invention 
employing a plastic supporter as the supporter 1 and an 
improved DWDD layer as the recording layer. 

FIGS. 19 (a) to 19 (i) are schematic view for explaining 
a third manufacturing method of the supporter in the present 
invention. 

First, the description is given of a manufacturing method 
of a supporter of a third embodiment through an example of 
a plastic supporter having crevices, referring to FIGS. 19 (a) 
to 19 (0. 

(1) preparing a base plate 11 (a diameter of 200 mm and 
a thickness of 10 mm) made of a soda lime glass beirig 
poiirfied in high precise and cleaned (FIG. 19 (a)). 

(2) forming a patterning mask 8 on the base plate U by 
coating a photo-resist as a masking material (FIG. 19 

m. 

(3) forming a pattern on the patterning mask 8 corre- 
^nding to a necessary minute track pattern by a 
conventional laser beam recording method (FIG. 19 
(c)). Specifically, a ^iral groove pattern was formed on 
the patterning mask 8 made of the photo-resist by 
irradiating and focusing the laser beam thereon with an 
objective lens, and was developed (not shown). 
Thereby, a parallel spiral pattern having flat portions 9 
having a width of about 0.5 fan and opening portions 10 
having a width of about 0.6 /<m was obtained. 

(4) Setting the base plate 11 in the parallel plate type dry 
etching apparatus BB (FIG. 18), and dry etching the 
base plate 11 corre^onding to the opening portions 10 



US6,2f 

19 

of the patterning mask 8 (FIG. 19 (d)). The dry etching 

conditions were as follows, 
etching gas: CF4 
gas pressure: 50 mtorr 
flow rate: 53 socm 
etching time: 6 minutes 25 seconds 

(5) removing the patteming ma^ 8 from the base plate 11 
by an ashing treatment with oxygen plasma, resulting 
in a glass master UB (FIG. 19 (e)). 

(6) forming a conductive layer 12 on the glass master IIB 
by sputtering nickel at a thickness of 0.1 foa (FIG. 19 
(0). 

(7) doping the glass master IIB in a nickel electnq>lating 
tab and caiisiiig the conductive layer 12 to grow to a 
plated layer 13 having a thickness of 250 fan by 
applying a voltage to the conductive layer 12 as a 
cathode (FIG. 19 (g)). 

(8) integrally forming a stamper 14B with the conductive 
layer 12 and the plated layer 13 by separating it from 
the glass master UB (¥IG. 19 (h)), 

(9) setting the stamper 14B to an injection molding die 
after a bottom (having no pattern) of the stamper 14B 
was policed and a periphery thereof was cut Then, a 
supporter IB having an upset pattern with respect to a 
concavity and a convexity was obtained by injection 
molding method using aHcyclic polyolefin. The diam- 
eter of the supporter IB is 130 mm, and the thickness 
thereof is 1.2 mm (PIG. 19 (i)). 

Further, the surface shape thereof satisfies the dimensions 
shown in FIG. 10. Specifically, the width Wl of the land 2 
is 0^1 ^ and in the width (Wg+Wc) of the groove 3, Wg 
is 0 fan, the depth Dg of the groove 3 is 0.2 fan and the 
width Wc of the crevice 4 is 0.04 fan and the depth Dc of the 
crevice 4 is 035 fan. 

FIG. 20 is a section of other recording layer for explaining 
a concrete laminated structure of the recording layer in the 
present invention. 

Next, on the supporter IB, there were formed the record- 
ing layer 5 and the protection layer 6. The recording layer 5 
was formed by the well known sputtering method using 
materials shown in FIG. 20. Specifically, the recording layer 
5 has a laminated construction by sandwiching an improved 
DWDD super-resolution layer 5 cl made of four magneto- 
optical layers (GdFeCoAl, IbFe, TbFcAl, and TbFeCo) 
between first and second SiN dielectric layers Sdi^ 5d2. 
Next, the protection layer 6 was formed on the recording 
layer 5 at a thickness of 8 fan with an ultraviolet ray curing 
resin by the well known ^in coating method, and was cured 
by irradiating an ultraviolet ray A+B+C wave. 

This information recording disc was vertically cut to the 
track surface, and the section of the disc was observed with 
the scanning type electroscope. As a result, the section was 
confirmed to have the sectional shape shown in FIG. 4. 

FIG. 21 is a graph showing a mark length vs C/N 
reproduction frequency characteristic on a land recording of 
an information recording disc in the present invention, and 

FIG. 22 is a graph showing a mark length vs C/N 
reproduction frequency characteristic on a groove recording 
of an information recording disc in the present invention. 

Next, an information signal was recorded/reproduced 
on/from the information recording medium by irradiating 
and focusing a laser beam on the lands 2 thereof. As a result, 
a mark length vs C/N reproduction frequency characteristic 
was obtained as shown in FIG. 21. In the recording appa- 
ratus used here, a laser beam having a wavelength of 690 nm 
and an objective lens having a numerical aperture of 0.6 
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were employed, and a single frequency recording/ 
reproducing was carried out. The recording power was 3.7 
mW and the reproducing power was 2.0 mW. At that time, 
it has been confirmed that the recording of a mark length of 
5 0.06 fan was attained, resulting in a development of the 
super-resolution phenomenon. The C/N at a mark length of 
0.1 fan was 36 dB which is enough for a practical use. 
Incidentally, the reproducing limitation obtained from a 
theoretical calculation using the wavelength and the numeri- 
cal aperture is a mark length of 0.26 fan. 

Next, the recording/reproducing was carried out by irra- 
diating and focusing a laser beam on the groove 3 of the 
information recording disc, resulting in a mark length vs 
C/N reproducing frequency characteristics as ^own in FIG. 
22. In this case, it was confirmed that the shortest mark 
length of 0.08 fan was attained, resulting in a development 
of the super-resolution phenomenon. The C/N at a mark 
length of 0.1 fan was 35 dB which is enough for a practical 
use. 

As seen from FIGS. 21, 22, it was confirmed that the 

20 land/groove recording was attained even when the plastic 
supporter was employed as the supporter IB. 

Next, the recording/reproducing of 1, 7 modulation signal 
was carried out by focusing a laser beam on the land 2. In 
the 1, 7 modidation signal recording, signals having various 

25 kinds of mark lengths from 2T to 8T are recorded at random. 
When the shortest marie length (2T) was set to be 0.12 fan, 
the jitter of reproducing was 9.1%. This value of the jitter 
was enough for the practical use. Incidentally, the jitter was 
measured on the basis of Japanese Industrial Standard "120 

30 mm DVD-Read-only disk" (JIS-X-6241: 1997 Annex F). 
The limitation of the reproduction obtained from a theoreti- 
cal calculation using the wavelength and the numeral aper- 
ture is a mark length of 0.26 fan. Thus, it was confirmed that 
the super-resolution phenomenon was developed. 

35 Next, a recording/reproducing was carried out in the same 
maimer as mentioned above by focusing the laser beam on 
the groove 3. When the shortest mark length (2T) was made 
to be 0.12 fan, the jitter of reproducing was 9.5%. This value 
of the jitter was enough for the practical use. As mentioned 

40 above, it has been confirmed that the land/groove recording 
was attained even when the random signal was employed. 
[Embodiment 4] 

Next, a description is given of an information medium of 
a fourth embodiment in the present invention, wherein a 

45 plastic supporter is employed as the siqrporter 1, and a phase 
change recording layer is employed as the recording layer 5. 
Further, in such a phase change recording layer as typically 
seen in the DVD-RAM wb&tc a land width is 0.74 fan and 
a groove width is 0.74 fan, thus, the track pitch is 1.48 /im, 

50 resulting in a recording capacity of 2.6 GB, the land/groove 
recording has been already put into practice. However, it 
was impossible to realize a larger recording cs^adty than 
that by decreasing the track pitch, because of a cross-erase 
phenomenon erasing adjacent tracks on recording. 

55 On the other hand, according to the present invention, it 
is possible to decrease the track pitch by employ the sup- 
porter having crevices because of a decrease of the cross- 
erase phenomenon, resulting in a realization of a further 
higher recording density. 

60 FIG. 23 is a chart lowing concrete dimensions of the 
surface shape of the supporter in an embodiment of the 
present invention, and 

FIG. 24 is a section of other recording layer for explaining 
a concrete laminated structure of the recording layer in the 

65 present invention. 

Here, the plastic supporter IB is manufactured in the same 
maimer as mentioned in the Embodiment 3, however, manu- 
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facturing oonditioas are slightly changed. The plastic sup- 
porter IB is made of polycarbonate having a diameter of 120 
mm and a thickness of 0.6 mm. Further, the surface shape 
thereof satisfies the dimensions shown in FIG. 23. 
Specifically, the width Wl of the land 2 is 0.51 and in 5 
the width (Wg+2Wc) of the groove 3, Wg is 0.51 foa, the 
depth Dg of the groove 3 is 0.06 fun and the width Wc of the 
crevice 4 is 0.04 /on and the depth Dc of the crevice 4 is 0.1 
fan. Thus, a track pitch is 1.1 /im. 

Next, on the supporter IB, the recording layer 5 and the lO 
protection layer 6 were formed. The recording layer 5 was 
formed so as to have a structure i^own in FIG. 24 by a well 
known sputtering method. Specifically, the recording layer 5 
was formed by sandwidiing a phase change recording layer 
Sel of GeSbTeN, which has the same constmction as that of 15 
the DVD-RAM, between dielectric layers 5/1, 5/2 of ^S 
SiO. Further, a reflecting layer Sgl of AlCr was formed on 
the dielectric layer Sf2. 

Next, as the protection layer 6, an ultraviolet ray curing 
resin was coated at a thickness of 4 |mi by a well known 20 
spray method, and cured by irradiating ultraviolet rays A+B 
wave. This information recording disc was vertically cut to 
the tracks, and the section of the disc was c4)served by using 
the scaiming electron microscope, resulting in the sectional 
shape shown in FIG. 4. Two sheets of these discs were 25 
adhered with an adhesive by causing the protection layers 6 
thereof to face to each other (not shown). Further, as the 
adhesive layer formed therebetween, a slow curing cationic 
ultraviolet ray resin was used. Then, after initializing the 
information recording disc, an information signal was 30 
recorded/reproduced on/from the information recording 
disc. 

Hie used recording apparatus had a laser beam having a 
wavelength of 650 nm, and an objective lens having a 
numeral aperture of 0.6. The recording power was 11 mW, 35 
the erasing power was 4.5 mW and the reproducing power 
was 1 mW. As the recording sigoal, 8-16 modulation 
random signal was used, wherein 3T as the shortest mark 
length was made to be 0.6 /on. 

FIG. 25 is a chart ^wing measurement values of jitter on 40 
the land/groove recording of the information recording 
medium in the present invention. 

First, continuously unrecorded three tracks were chosen, 
and the reactive unrecorded tracks were named as a track 
a, track b and a track c. Then, an 8-16 random recording 45 
signal was recorded on the middle track b among tbem, and 
the recorded signal was successively reproduced from the 
track b and the jitter (Jl) thereof was measured. 
Successively, the recording signal was recorded on the 
adjacent track a, and the jitter (J2) of the track b was 50 
measured. Further, the recording signal was recorded on the 
other adjacent track c, and the jitter (J3) of the track b was 
measured. These measurements of the jitter for the track b 
were repeated three times with respect to the land 2 and the 
groove 3, respectively. The results are shown in FIG. 25. 55 

As the adjacent track of the track b is recorded, the value 
of jitter for the track b is increasing gradually, however, the 
increased value thereof is at most 0.6%, and the cross-erase 
was scarcely acknowledged. According to the 2.6 GB DVD- 
RAM Standard, a qpedfic value of the jitter is determined to 
be not more than 8.5%. Thus, it wiU be understood that the 
values of jitter obtained £rom the experiments satisfy the 
specific values of the standard. This means that it is possible 
to shorten the track pitch firom 1.48 to 1.1 /mi, resulting in 
that the recording density of the information recording 
mediimi of this embodiment is increased 1.4 times as high 
as that of the conventional recording density. 
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[Comparative] 

For comparison, the conventional disc shown in FIG. 6 
was prepared, and the recording/reproducing characteristics 
thereof were measured in the same manner as mentioned in 
the foregoing. Here, the supporter 7 has the construction 
shown in FIG. 5, and is made of polycarbonate. The width 
of the land 3 is made to be 051 /on and the width of groove 
3 is made to be 0.59 fan. Thus, the track pitch thereof is 
made to be 1.1 fan which is the same as that of the 
embodiment 4. 

FIG. 26 is a chart showing measurement vahies of jitter on 
the land/groove recording in the prior art. 

The resultant measurement values of the jitter are shown 
in FIG. 26. As seen from FIG. 26, as the adjacent tracks are 
being recorded, the jitter of the middle track b is remarkably 
increasing, and shows a maximal increase amount of nearly 
17%. In this case, a remarkable cross-erase has been devel- 
oped. This means that it is impossible to shorten the track 
pitch when the conventional supporter is employed in the 
information recording medium. 

As seen firom the above description, the supporter having 
the crevices ^ows effective results in the jitter and the 
cross-erase problems even when it is employed for the phase 
change type recording disc. This reason is considered that 
the recorchng layer 5 is cut at every recording track by the 
crevice as shown in FIG. 4. Thus, the crevices contributes to 
prevent heat which is generated by irradiating the laser beam 
on the adjacent recording tracks upon its recording, firom 
transmitting to the corre^onding track, resulting in a pre- 
vention of the cross-erase on the corresponding track. 

In summary, according to the supporter used for an 
information recording medium in the present invention, 
lands and grooves are alternately formed as a minute track 
pattern on the supporter, and there is provided a crevice 
having a depth larger than that of the crevices in the 
respective grooves at one end thereof. Further, the informa- 
tion recording medium of the present invention is provided 
with a recording layer corresponding to a high density 
recording thereon, and the recording layer is cut at every 
recording track by the crevice. Thus, in the DWDD type 
super-resolution recording, it is possible to perform 
recording/reproducing without the laser annealing. This fact 
contributes to efEectively produce such an information 
recording medium as having a high recording density in 
mass production. 

Further, according to another supporter used for an infor- 
mation recording medium in the present invention, lands and 
grooves are alternately formed as a minute track pattern on 
the supporter, and there are provided two crevices in one 
groove, each having a depth larger than that of the respective 
grooves, at both ends of the re^)ective grooves. Further, the 
information recording mediuim of the present invention has 
a recording layer corre^)onding to a high density recording 
thereon, and the recording layer is cut at every recording 
track by the crevice. Thus, it is possible to record an 
information recording signal without an reveise effect from 
the adjacent tracks, resulting in a realization of a fiirther high 
density recording and a effective mass production of the 
information recording mediums. 

Furthermore, according to a manufacture method of the 
supporter mentioned above, it is possible to produce the 
supporter in high precision. 

Further, acoorcfing to a manufacture apparatus and a 
stamper used for producing the supporter in the present 
invention, it is possible to simultaneously form or bore the 
grooves and the crevices in the supporter in high precision. 

What is claimed is: 
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1. An infonnation recording medium for recording an recording layer is divided into a plurality of spaced 
information signal thereon comprising: apart recording areas. 

a snorter on which lands and grooves are alternately ^- The information recording medium as claimed in claim 

formed as a minute track pattern, the lands and the 7, wherein the recording layer is cut at every track of the 

grooves being flat and parallel to each other, 5 minute track pattern. 

. 9. The mformation recording medium as claimed in claim 

a crevice formed m the respecUve grooves on said 7^ ^^erein the recording layer includes, at least, a magneto- 
supporter, the crevice havmg a sharp and pointed optical layer with magnetic super resohition. 
V-letterditchextendingtoadepthlargerthanthatofthe 10. The information recording medium as claimed in 
respective grooves; and claim 9, wherein the magnetOK)ptical layer with magnetic 

a recording layer formed on the supporter except for said super-resolution is made of a domain wall di^lacement 

V-letter ditdi of said crevice, such that said recording detection type infonnation recording medium, 

layer is divided into a plurality of ^aced apart record- The information recording medium as claimed in 

ing areas. claim 7, wherein the recording layer includes^ at least, a 

2. The information recording medium as claimed in claim - change recording layer. 

1, wherein the crevice is formed nearby an end of the 12. A supporter used for forming a recording layer of an 

reroective grooves in a width direction of the respective "ifonnation recording mediuni thereof wherein lands and 

gjQQ^^ grooves are alternately formed m the supporter as a minute 

3. Theinformationrecordingmediumasclaimedinclaim tr^k pattern, the lands and the groovy being flat and 
1, wherein the recording layer is cut at every track of the Pa^aUel to eadi other, and a cre^ace formed 

* ^ ^ 20 grooves having a sharp and pomted V-letter ditch extending 

mmi^trackpatteni. ^. to a depth larger than that of the reactive grooves to cut the 

4. The mfDrmatiOD recordmg medmm as claimed m claim recording layer* and or 

1, wherein the recording layer inchides. at least, a magneto- ^ ^„ ^ ^er except for each 

optocaUapr with magnetic super resohition V-letter ditch in said crevices, aich that the recording 

5. The infoimation recordmg medium as clamiedm claim ^ layer is divided into a phiraUty of a)aced apart r«cord- 
4, wherem the magneto-optical layer with magnetic super 

resolutk)n is niade of a domain wall displacement detection 13 ^h^ supporter as claimed in claim 12, wherein the 

type mformauon recordmg mediurn. ^^ce is formed nearby an end of the respective grooves in 

6 The information recordmg medium as claimed m claun ^ ^^th direction of the respective grooves, 
hi*"'"* ^"^T includes, at least, a phase 3^ ^ supporter used for forming a recording Uyer of an 
c ge leoording layer. - information recording medium thereof wherein lands and 
7. An information recording medium for a recordmg ^^^^ alternately formed in the supporter as a minute 
mformation recordmg signal thereon compnsmg: ^rack pattern, the lands and the grooves being flat and 
a supporter on which lands and grooves are alternately parallel to each other, and two crevice each having a sharp 
formed as a minute track pattern, the lands and the 35 and pointed V-letter diteh extending to a depth larger than 
grooves being flat and parallel to each other, that of the respective grooves formed in the respective 
two crevices formed in the respective grooves nearby both grooves nearby both ends thereof in a width direction of the 
ends of the respective grooves in a width direction of respective grooves to cut the recording layer; 
the respective grooves on said supporter, with each of a recording layer formed on the supporter except for said 
the two crevices having a sharp and pointed V-letter 40 V-letter ditdi of said crevices, sudi that the recording 
ditch extending to a depdi larger than that of the layer is divided into a plurality of spaced apart record- 
respective grooves; and ing areas, 
a recording layer formed on the supporter except for 
said V-letter ditdi of said crevices, such that the ***** 
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[57] ABSTRACT 

A thin fihn multilayer wiring board-producing method 
of the present invention is mtended to decrease thermal 
stresses developing during the formation of the multi- 
layer construction, and also to greatly reduce the num- 
ber of the steps of the process, as compared with a 
conventional method. A fihn material can be used as an 
insulating film of the multilayer wiring board, and is 
adhesively bonded to a predetermined portion. Wiring 
conductors are formed by electroplating. The wiring 
layers are repeated laminated to form the multilayer 
oonstmction. A metallic film serving as an electrode is 
formed on one of upper and lower soifaces of a sub- 
strate^ the metallic film being removed after a multi- 
layer wiring is formed. A soluble msulatmg fihn is 
formed on a metallic undercoat fihn on the substrate, 
and grooves are formed in the sofaible insulating film, 
and wiring conductors axe formed in the grooves, using 
dther dectroplating or both electxoplatiiig and dectro- 
less plating. Thereafter, the soluble insulating film and 
the metallic undercoat film are removed. Subsequently, 
an insoluble insulating fihn is formed at those locations 
fit>m which the soluble insulating fihn and the metallic 
undercoat have been removed. 

2 Canuns, 11 Drawing Siieets 
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_ ooQs doe to a tem p er a tur e rise dining the grinding and 

METHOD OF FRODUCaP JG A THIN FHM polishing operation, which results in a proUem that the 

MULTILAYER WIRING BOARD grinding and polishing are diffkult and take much time. 

Another problem is that when the via conductors and 

FIELD OF THE INVENTION 5 so on are ground simultaneously with the grinding of 
This invention relates to a thin film multilayer wiring the insoluble msulating layer, metal powder resulting 
board for densely packaging highly-integrated LSIs, therefrom is scattered, and adheres to the softened poly- 
terminal resistors, capacitors and so on, and also relates meric material. The metal powder may not be easily 
to a method of producing such a wiring board, with the removed &om the polymeric material by washing, 
thin fihn multilayer wiring board being adapted to be Therefore, there is a possibility that contaminants, 
used for a module, and is used as a wiring board of a such as powder of the polymer, may be present in each 
oooqiuter. layer of the fhm film multilayer wiring board. There- 

BACKGROUND OF THE INVENTION }? the leliabflky, the ^ of 

washmg away the contammants, as well as the st^ of 
A tyincal conventional m^od of producing a thin inspecting an electrical defect, axe needed in addition to 
fifan multilayer wiring board win be described with the above st^ (a) to (g). Moreover, when an electrical- 
reference to steps (a) to (g) of the metixod as shown in ly-defective product (the thin film multilayer wiring 

FIGS. lA-lC board having a defect at least in one layer thereof) is 

Inthestep (aXamctaIhcimdercoatffln2isf^^ found m this inspection step, an additional step must be 
manupp^surfiweofas^ 

dercoat fihn 2 is used as a platn^ electrode at a kter tiveproduct, and it is practically difficult to remove the 

'Xhestep(bXaresistlayer3isformed.andthislayer several ^m-tMcktinnfibnlay^ 

is groov^to a configuration cones^ding to a pL ^ ^"^^^hT^h f 

detomined conductor pattern. ^ ^ ^ 25 W been produced, and the yidd rate was mevito^ 

In the step (c), a conductor is filled in grooves 4 in the V*^' • .i. .t.- ^ • v 

resist layer 3 by electroplating, thereby forming con- Ftote, m the^ 

ductors 5 such as horizontally-extending wiring con- ^ «^ve method, the msolu^Mubting 

dttctors, via hole conductors, tiirougb hole conductors ^ » <»ated on the rugged portion defined by the 

and ground layer conductors. 30 substrate 1 and the conductors 5, and therefore a liquid 

In the step (d), the resist layer 3 is removed to expose material must be used for forming the insoluble insnlat- 

thc conductors 5. '^B i^ycr 6. When the liquid material is to be cured or 

In the step (e), the metallic undercoat film 2, except set into a solid by a heat treatment, stresses of different 

for those porticms thereof disposed immediately beneath values develop due to a large difference in thmnal 

the conductors 5, is removed by etching. 35 expansion coefficient between the substrate 1« the me- 

In the step (Ot an insoluble insulating layer 6 is taUic undercoat film 2» the conductors 5 and etc. These 

formed on the upper surface of the substrate 1 so as to stresses have caused warping of the tinn film multilayer 

cover the conductors 5. wiring board. 

In the step (g), the insoluble insulating layer 6 h As described above, the above conventional method 

ground and polished so as to expose the upper surfaces 40 of producing the thin film multilayer wiring board suf- 

of the conductm 5 and also to flatten the upper surface f fyom the problems with the mass productivity, tiie 

of the insoluble insulating layer 6. reliability and the yield rate, and besides there is en- 

With these steps (a) to (g), a thin film smgle-layer countered another problem that warping is present in 

wiring board is formed, and then tisese steps (a) to (g) resultant thin film multilayer wiring board, 
are repeated several times to form a tlnn film multilayer 43 

wiring board. SUMMARY OF THE INVENTION 

This conventional m^od is descnTxsd in "Thm-fihn Wtii the above problems erf the prior art (that is» a 

Qn^^ low mass-productivity due to an increased nmnber of 

714atem 9.6^)ofMicrode^omcsft^^ die process steps, a low reliability and a low yield rate 

S'aS^^'^S^^^^*' J. Rjjmisze*^ 50 ^nc to the gen^tion of contamiWts during the grind- 

y±^^^f]^S^^ ingandpoLiingoperation)inview,His^obj^of 

"t^tKESSn^ ^inv^ontoV^^^^ 

necessary to caiiyoiittiS steps (a) to (Jinustratt^ . 
FIGS. lA to IG for forming1»di of the Uiyers of the ^itii the warp problem of the pnor art m view, rte 
multilayer wiring board, and therefore die number of o^J«=?. ^ TT^"?". ^ ^^"^^^ a tinn fihn 
tiiestepsmv61vedisverykrge.Particnlarly,inthesl€p midtiky^ wrmg board which 
(0, tite insohible msulating layer 6 is formed on die A thm fihn multilayer wmng board-producmg 
rugged portion defined by the substrate 1 and the con- 60 m^hod of die present invention is performed by the 
ductors 5, and therefore the msohible msulating layer 6 following processes (A) to (Q. Wth respect to the 
tiius formed also becomes rugged. As a result, the step formation of each layer, the grinding and polishmg for 
(g) of grinding and polishing the insoluble insulating flattening an insoluble insulating film are not necessary, 
layer 6 so as to flatten this layer is essential. ^uid also the formation and removal of a re^t is not 
As later described, as the insoluble insulating layer, a 65 necessary except for the first layer. Further, the re- 
polymeric material, such as polyimide, polyamide, moval of a metallic undercoat film is not necessary 
polyamide-imide, polyester and polycarbonate may be except for the first layer. Therefore, the mass produce 
emidoyed. These materials become softened and vis- tivity, the reliability and the yidd are excellent 
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(A) A thin Sba multilayer wiring board-productng One preferred form of the tfain film multilayer wiring 
method is cbaracterized by the steps f: board of the present invention is described in Item (D) 

(1) forming a first metallic nnderooat film on a sub- bd w. A fiqnid material is beforehand cured by a heat 
strate» then forming a soluble insulating film on the treatment into a solid form to provide a film material, 
metallic undercoat film, and forming grooves in the 5 and this film material is used as an insoluble insulating 
soluble insulating film, and then filling a conductor film. Thetefore^ no undesimUe stresses of difierent 
in the grooves by dectiop]atmg,therd>y forming a vahies wiD devdop due to a large dtfTerence in thermal 
first layer, e^qiansion coefiBdent between a substrate, a metallic 

(2) subsequently forming an insohible insulating film undercoat film and conductors. As a result, the thin film 
on the first layer or on a horizontal metallic under- 10 multilayer wiring board estremdy reduced in warp can 
coot film formed on the first layer, and forming be obtained. 

grooves in the insoluble insiilattng film* and then (D) A thin film wiring board comprising one or more 
filling a conductor in the grooves by the use of layers formed on a substrate, with each of the layers 
electroplating or both dectroless plathig and dec- comprising a conductor, an insoluble insulating film, 
troplathig, thereby forming a second layer on the 13 and optionally a metallic undercoat fifan provided be- 
first layer; and neath the conductor, and the insoluble iiLSulating fihn 

(3) subsequently removing the soluble insulating fihn bdng an insoluble fihn material adhesively bonded, 
and the first metallic undercoat fihn, and forming ^„ , 

an msohible insulatmg fihn at those portions from DESCRIPTION OF THE DRAWINGS 

which the soluble insulating film and the first me- 20 FIGS. lA-lG are cross-sectiona] views showing a 

tallic undercoat film have been removed. sequence of steps of a conventional method of produc- 

(B) A thin film multilayer wiring board-producing ing a tfain film multilayer wiring board; 

method is characterized by the steps of: FIG. 2 is a cross-sectional view showing one set of 

(1) forming a first metallic undercoat film on a sub- signal layers; 

strate, then forming a soluble insulating film on this 25 FIG. 3 is a sdiematic and perspective view showing 

metallic undercoat film, and forming grooves in the a basic construction of a wiring conductor; 

soluble iasnlatfng film, then filling a conductor in FIGS. 4A-4I are cross-sectioiial views of the se* 

the grooves by dectroplating, then removing the quenoe of steps of a method of produdng a thm film 

soluble insulating film, and then forming a metallic multilayer wiring board according to the present inven- 

fihn, capable of sdective etching with respect to 30 tion; 

the conductor, at that portion from which the sohi- FIGS. 5A-^ are cross-sectional views of a sequence 

ble insulating film has been removed, thereby form- of stq[>s of a modified method of producing a thin film 

ing a first layer; muhiiayer wiring board according to the present inven- 

(2) subsequently forming an insoluble insulating film tion; 

<m the first layer or on a horizontal metallic under- 35 FIGS. 6A-4SK are crosa^ectional views showing the 
coat film formed on the first layer, and fonning sequence of steps ci another modified method of pro- 
grooves in the insoluble insulating fihn, and then dudr^ a thin film multilayer wiriiig board according to 
fining a omdnctor m die grooves by the use of the present inventioi^ 

dectroplating or both dectroless platkig and dec- FIGS. 7A-7J are cross-sectional views showotg the 

tioplating, therdiy fonning a second layer on the 40 sequence of steps of a furdier modfified method ctfpro- 

firBtkyer;aiid ducii^ a thin fihn multilayer wiring board aocordmg to 

(3) subsequently removing the metallic fihn, capable the present invention; 

of sdective etcfamg with respect to the conductor, FIG. S is a cross-sectional view of a module usmg 
and the first metellic undercoat fihn, and then thick and thin film multilayer wiring boards of the in- 
forming an insdnble insulating film at those por- 45 vention; 

tkms from whidi the metallic film and die first FIG. 9 is a ax)ss-sectional view of a module usng 

metallic uiulerooat film have been removed. thin film multilayer wiring boards of the invention; 

(Q A thm fihn multilayer wiring board-producing FIG. 10 is a perspective view of a logic package of a 

mediod is characterized by the steps of: computer, provided in aooQrdanoe with the present 

(1) forming a first m^allic fifan on a lower surface of 50 invention; and 

a substrate, and forming an insoluble insulating film FIG. 11 is an illustration sfaowing the relation be- 
on an upper surface of the substrate or on a hori- tween a polyimide fifan thickness and a warp of a sub- 
zontal metallic undercoat film formed oa tfae upper strate. 

surface of the substrate, then forming grooves in * „ ™. ^^«™™,^~, ^„ 

themsolubtemsuhitingfihn,andthenfiSigacon. 55 ™?™52ii^^ 

ductor in the grooves by the use of dectrc^lating FRS'EKRED EMBODIMENTS 

or both dectroless plating and dectroplating. The inventors of the present invention have made an 

therd>y forming a first layer on the upper side of extensive study, noting that in the above-mentioned 

the substrata conventional method of producing the thm film multi- 

(2) subsequently forming an insoluble insulatmg film 60 layer wiring board, particularly since in the step (f), the 
on the first layer or on a horizontd metallic under- insoluble insulatmg film 6 is formed on the rugged por- 
coat film formed on the first layer, and forming tion defined by the substrate and the conductors 5 with 
grooves in the insoluble insulating fifan, and then the result that the insoluble msulating film 6 thus formed 
filling a conductor in the grooves by tfae use of b rugged, the step (g) of grinding and polishing the 
dectroplating r both dectroless j^ting and dec- 65 insoluble insulating layer 6 to flatten the same is essen- 
troplating, therd>y fonning a second layer on the tial, and that this extremdy lowers die mass-produo- 
first layer, tivity,therdiabi]ityandtheyiddTBte. Asaresuhof tfae 

(3) subsequently rem ving the first metallic fihn. extensive study, the inventors f die present invention 
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have noted that .by fonnmg an insuktmg film on a flat tions fma winch the metallic fihn and the fiist 
portion, the msolating film thus f imed is also flat, and metallic undercoat film have been removed, 
bosed on this finding, the inventors have found a (Q A thin fihn multilayer wiring board-pioducing 
method of producing a thin fihn multilayer wiring method is characterized by the steps of: 
board according to the present invention. A thin film 5 (1) forming a first metallic film on a lower surface of 
multilayer wiring board is produced by any one of the a substrate, and forming an insoluble insulating film 
followmg methods (A) to (Q of the present invention. on an upper surface of the substrate or on a hori- 
To further increase the number of the layers, in the zontal metallic undercoat fihn formed on the upper 
method (A), the step (AX2) is further repeated one or surface of the substrate, then forming grooves m 
more tunes. Similarly, in the mediod(BX the step (BX2) the insoluble insulating film, and then filling a con- 
is further repeated <me or more times. Similarly, in the ductor in the grooves by the use of dectroplating 
method (Q, the step (0(2) is further tepeasted one or dectroless plating and electroplating, 
more times. With the methods (A) to (Q, the grindmg therd>y forming a first layer on the upper side of 
and polislung for flattening the insoluble mmi^rifig film the substrate; 

become unnecessary with tespect to the fonnation of subsequently fonning an insoluble insulating film 

any layer, and besides the formation and removal of a on the first layer or on a horizontal metallic mtder- 

resist became unnecessary with respect to the formation formed on the first layer, and fonning 

of other layers than the first layer, and further the re- grooves m the insoiuhle msulatmg fihn, and then 

moval of a metallic undercoat fihn becomes unneces- ^ conductor m the grooves by the use of 

sary witii respect to the formation of other layers tiian ^ electroplating or both dectroless plating and dec^ 

the first layer. Therefore, the massi>ioductivity, the troplating, therd>y formmg a second layer on the 

rdiability and the yidd rate are excellent ^^'^^^^^ 

(A) A tiim fihn multilayer wiring board-produdng subsequently removmg flie first metallic fihn. 

metiiod is characterized by tiie steps of: In the tinn fihn multilayer wiimg board produced by 

(1) forming a first metalHc undercoat fihn on a sub- ^ conventioml metiiod, tiie msoluble insulating 
strate, tiicn formmg a soluble msuhiting fihn on tiie ^^^if .^f™!"^ rugged portion dc^ed by the 
metamcmidercoatfihn.andfonnmggroovesintiie ^"*f^ ^ "^^^ ^nductors 5, and tiierefore a hquid 
soluble msuktii^ fihn, and tiien filhog a conductor for formmg the msolublemsuhU. 
in fhr crmnimri^^Wtr^niiitmo rtLTrliLu b^iillLl.. _ mg fihu 6. Whcn thc liqmd matCTial IS to bc cuTcd OT sct 
LlkS^^^^^^ 30 mto a solid by a hc^ treatment, stresses of different 

(2) subsequently formmg an msolubte msdating fihn """^"^ ^^1*^^ ^ 
oirSe&^S«oro^ ^^'"^ codfiaent brtween ^e jubstoite 1, tiie me- 
coat fihn formed on the first hiyer, and fo^g rmd^ fihn 2. tiie conductors 5 ^md etc. ITus 

^ii. • 1 « ™r-i_ « * ^Jr^Jf has resulted ma warp ofthcthm fihn multilayer wiring 

The mv^ of tire present mvention havf 

S^ifl WK^f^^ ^o^^t sudi a hquid material does not to 

gatm&&en*y formmg a second hiyer on tire first be used to form tiie msukting fihn on tiie flat portion, 

/i\ *i • t t_i . 1 . « ^ * film-like insulating material (fihn4ike mate- 

and tiie fort mefalhc undercoat fihn, and forming the present mvention have mvented Ae tiiin fihn multi- 

an insoluble msuhitmg fito at tiiose portKms to^ layer wiring board of tiie present mvention. The tinn 

which tiie soluble msidatmgfflm and the first me- fijm muhihiyer wiring board of tiie present mvention 

tedhc ^dcrcoat fihn have been removed. (B) A has any one of tiie foDowmg constructions (D) to (F). 

multibyer wirmg board-producmg 45 Witii such construction of tiie present mvention, a liq- 

metiiod IS c Wtoued by tiie steps of : ^ ^terial does not need to be used for formmg th^ 

(1) formmg a first mctalhc undercoat fihn on a sub- msulatingfihn witii respect to the formation of all lay- 
strate, tiien fonnmg a soluble msulating fihn on tiiis ers, and a fihn-like msdating material to be adhesivdy 
metalhc undercoat fihn, and forming grooves m tiie bonded can be used. Theiefore, tiiere can be obtamed 
soluble msulatmg fihn, tiien fiUmg a conductor in 50 the thm fihn multikyer wirmg board subjected to less 
the grooves by dectroplating, then removing the warp. 

^lems^tingfflrn, and tiien formmg a metaffic (D) A tian fihn wiring board comprismg one or more 

fflm, o^le of sdecbve etchmg witii respect to layers formed on a substrate, eadioftiic layers compris- 

tfae conductor, at that porticmfiromwbidi tiie solu- ing a conductor, an msoluble msulatmg fihn, and op- 

blemsulatingfifanhasbeenremoved,tiierd)yfi»m- 55 tionally a metalHc undercoat fihn provided beneatii tiie 

ing a first layer; conductor, and the insoluble insulating fihn bang an 

(2) subsequentiy formn^ an msolnUe insulating fihn msoluble film material adhesivdy bonded. 

on the first layer or on a horizontal metallic mider- (E) A tiim fihn wirmg board as defined in tiie above 

coat fihn formed on tiie first kyer, and fonning Item (D) wherem the film material consists of at least 

grooves m the msdnble msulating fihn, and tiien 60 one sdected firom the group consisting of a polynnide 

filling a conductor m the grooves by the use of fihn,apolyamidefihn,apolyamide-unidefihn,apolyes- 

dectr<^lating or both dectroless plating and dec- tcr film and a polycarbonate film, 

troplating, thereby forming a second layer on the (F) A thin fihn wmng board as defined m the above 

first layers and Item^) wherem the metallic undercoat film consists of 

(3) subsequentiy removmg the metaffic film, capable 65 at least one material sdected from the group consistmg 
of sdective etchmg with respect to the conductor, of Cr, Cu, H, Zn, Sn, Co, Fe, Ni, Rh and In. 

and the first metalHc undercoat film, and then Next, the above methods (A) to (Q of producmg the 

formmg an insoluble insulating fihn at those por- thm fihn multilayer wiring board according to the pres- 
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ent mvaktion, ^.wdl as the above constractioiis (D) to have the same potendaL After the formati n of the 
(F), win be described m detail conductors, the wirings most be dectrically interrupted 

In the conventional thin fihn multihiyer wiring board- &om one another, and therefore the metallic undercoat 
prodndng method, one major reason why the forma- fihn eiu^ept for those portions thereof disposed immedi- 
tion and removal of the photoresist are carried out with S atdy beneath the whrmg conductors must be removed 
respect to each layer is that the metallic undercoat film by etching. In order to remove the metallic undercoat 
serving as the electrode of the electroplating must be film by etching, it is necessary to remove the photoresist 
formed and removed with respect to each layer. There- covering it This is the reason why in the formation of 
fore^ fibrst, attention was directed to the stqis of fonna- the wiring ccndnctocs in the conventiQnal method* 
tion and removal of the metallic undercoat fihn serving 10 instead of an insulating fihn which can not be easily 
as the electrode of the dectroplatiiigy and an acttenipt removed by dissolviqg, the photoresist which can be 
has been made to rationalize Aese two stqis in order to removed by dissolving is used as the polymer m which 
rati<Hialize the steps of formation and removal of the the grooves are formed so as to form the wiring conduc- 
phot{»esist tors by efedroplatiqg. 

If tiiewhing conductors of the tfam fihn multilayer 15 In the present invention, as shown m FIG. 2, a photo- 
wiring board are constituted only by through hole con- resist is not used as the polymer in which the grooves 
ductors extending firom the uppermost layer to the low- are formed so as to form the wiring conductors, and 
ermost layer, the lengths of all the through hole con- instead the permanent insulating film is used. Therefore, 
doctors are the same, and those portions at the same the step of forming the photoresist and the step re- 
levd or height are at the same electrical potential when 20 moving it are omitted. This ntieans that the removal of 
carrying out the electroplating. Therefore, in this case, the metallic undercoat film by etching after the removal 
it is necessary to provide the metallic undercoat film of the photoresist is also unnecessary except for the 
only at the lowermost layer, and there is no need to metallic undercoat film of the lowermost layer over the 
provide it at all of the layers. entire sur&ce of the substrate. 

Actually, however, the wirings, provided in the inte- 25 However, this does not means that the metallic un- 
rior of the thin fifan multilayer wiring board, include not dercoat film is unnecessary except for the lowermost 
only the through hole conductors of the same length, layer, and so long as the wiring conductors are formed 
but also horizontally-extending X-direction and Y- by electroplating, the metallic undercoat film is still 
direction wirings as well as ground layer conductors necessary to provide the electrodes disposed immedi- 
electrically interrupted from via hole conductors, as 30 atdy beneath the X-direction and Y-direction wiring 
shown in FIG. 3. In order to form these conductors by conductors and the ground layer conductor. Thus, it is 
electroplating, it is necessary to provide the metallic to be noted that it is not necessary to form the metallic 
undercoat film (serving as the dectrode) under each of undercoat fifan over the entire area of the substrate in 
them. This is the reascm why the metallic undercoat film such a manner as to extend between the wiring condno- 
must be provided at each layer in the conventional thin 35 tors. 

fifan multilayer wiring board. Wiien the metallic undercoat fifan is to be fonned 

Althougji its internal structure may be sUg^htly varied over the entire sor&ce of the substrate by dectroplat- 
or modified, a thin film multilayer wiring board can be ing, the only requirement to be w»tiy%i^ is that the me- 
produced by repeatedly forming this one set of signal tallic undercoat film should have the same potential at 
layers. One set of signal layeis of FIG. 2 comprises a 40 any portion of the substrate^ and therefore usually, the 
smfEtt^e layer 201, an iq>per ground layer 22; an XhI^^ metallic undercoat film is formed into a thidmess of not 
tion wirii^ 28^ a Y-direction wiring % a lower ground more than 1 |un. In the present invention^ however, as 
layer 21, a matching layer 202, and a thick fihn substrate the metallic undercoat fifan for the X-direction and 
203. Tlie wiring conductors <tf the upper ground layer Y-direction wiring conductors is away fixm die metal- 
22;theX-^irBction wiling 28, the Y-dhnection wiring 26 45 licundercoatfifanof liielowamostlayer» thedectdcal 
and the lower ground layer 21 will be described in detail resistivity of the metallic undercoat fifan to be di^MSsed 
with reference to FIG. 3. A via or tiuongh-hcde wiring immediatdy beneath tiic X-directicm and Ynlirection 
35, etectricaDyintefTiqrtedficom the lower ground layer wiring conductors increases. Therefore, the heigiht of 
31, is disposed at tfie loweniiost ground layer 31» and the conductor precipitated by dectroplEiting becomes 
extends through a hole 33 fonned through the lower 50 gradually smaller, which results in a problem that a 
ground layer 31, and a horizontally-extending Y-direc- large difference in height between both ends of the 
tion wiring 36 is disposed at the upper layer adjacent wiring conductor devdops. In view of this, in the pres- 
thereto, and a via wiring 37 extends upwardly from the ent invention, in order to decrease the electrical resistiv- 
Y-direction wiring 36 to a horizontally-extending X- ity of the meUillic undercoat film formed in accordance 
duection wiring 38, and a via or throughrhole wiring 55 of the areas ofthe lower surfaces of the X-direction and 
39, extends upwardly from tfae X-direction wiring 38. Y-direction wiring conductors, the film thickness is 
The wiring 39 extends through a hole 34 formed increased. One means for adiieving this is to increase 
through the \sppcr groui^ layer 32 from whidi the the thidaoess of the metallic undercoat fifan from the 
wiring 39 is dectrically interrupted. beginning. Another means is to first form a metallic 

When an LSI and a power source are not connected 60 undercoat fifan of not more than 1 fun thickness in the 
to the thin fifan multilayer wiring board, the wiring conventional manner and then to increase its rtitrff»M>g» 
conductors provided in the interior of this wiring board by dectroless plating. 

are not dectricaUy connected to one another, and are Preferably, variations in the height of the wiring 
indcpoident of one another. Therefore, in order that the conductor should be not more than 10%. To meet this 
wiring conductors at each layer can be formed at a time 65 requirement, the inventors of th present invention have 
by dectroplating, the metallic undercoat film serving as confirmed through experiments that the resistivity of 
the dectrode must be provided ver tiie entire area of the metallic undercoat film (disposed immediatdy be- 
the substrate^ because any portions of this layer need to neath the X-direction and Y-diiection wiriiig conduc- 
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ton) b^ween IkiA ends f tihe wiling sh old be less Tbe insulating film at the wiring layer (1 1 200 pm) 
dian several tens of SL ¥<x example, if die metallic liaving the metallic undercoat film over tfate entire sres 
mutocoat film of copper has a Uuckiiess of 1 fun, a of thesabstrateiscomposedof alu^tfaennal-iesistan^ 
width of 30 fun and a tengdi of 200 mm, the leasdvity high glass transition temperatnre polymer which can be 
of this m^aUic undercoat film b about 110 11. Then, as 5 dissolved and removed by asolvent such as an idinary 
shown in FIGS. 4A-4J, when by dectroless platbg, organic solvent, an aScaH aqueons solution, and an or- 
copper is precipitated aix>ut 1 to S ^un in the groove game base (e.g., hydrazine hydrate). The insulating film 
formed in the insulating film (20 iim in width) formed laminated above this wiring layer should not be dis- 
on this metallic undercoat film, the resistivity b reduced solved by the above solvent, and should not be ad- 
to 70 to 26 d and variations in the thidmess of the 10 versdy ^ected by thb solvent during the dissolving of 
wiring conductor formed by dectroplatmg can be kept the soluble insulating film. The soluble insulating fihn is 
to not more than '± 10%. required to withstand the influence of the curing of the 

Presuming that the wiring conductor of copper has a upper insoluble insulating film and its curing tempera- 
cross-sectional area of a square shape (20 fun X 20 fun), ture, and should not be deteriorated by these Actors, 
and that the thickness produced by the above-men- 15 ASter the soluble insulating film is dissolved and re- 
tioned electroless plating b S fun, when one set of signal moved by the solvent, an etchant such as cerium (TV) 
layers, comprising the via hole layer, the X-direction ammonium sul&te dihydrate b caused to intrude into 
wiring layer, the via hole layer, the Y-direcdon wiring the space formed as a resuh of removal of thb soluble 
layer and the via hole layer, b to be formed, the metallic insulating film, thereby removing the metallic under- 
undercoat film, serving as the electrode, must be pro- 20 coat film by etching. 

vided at the lowermost layer over the entire surface of As will be readOy appredated, the reason for the use 
the substrate. However, in thb case, the metallic under- of the soluble insnlating film as described above b to 
coat films at those layers above the lowermost layer facilitate the etching removal of tiie metallic undercoat 
need only to be formed at those portions immediately film (over the entire area of the substrate) after the 
beneath the conductors, and do not need to be formed 23 formation of the thin film multilayer construction. Any 
over the entire area of the substrate. Therefore, except material other than the soluble insulating film can be 
fm the metallic nndenxiat film at the lowermost layer, used so long as it produces amilar effects. One oample 
the metallic undercoat films at those layers above the of such material b a metallic material capable of selec- 
lowennost layer do not need to be removed after the tive etching, which b different in kind firom the wiring 
formation of the thin film multilayer construction. 30 conductor. If the wiring conductor b made of copper. 

Instead of using the dectroless plating as described zinc capable of sdective etching with req>ect to it b 
above, the thidmess of tihe metallic undercoat film may sdected. Wi&i thb method, an dectrically-isolated wir- 
be increased using a dry process sudi as vapor dcposi- ing, that is, a floating pattern conductor, can be formed 
tion, sputtering and ion-plating. at a desired layer. 

Even with the method of the present invention, when 35 The space, formed as a result of removing the soluble 
more than several wiring layers are laminated, varia- insulating film and the metallic undercoat film, pro- 
tions in the thickness of the wiring conductor predpi- duces the effect of increa^g the signal transfer speed 
tated by dectroplating may sometimes become more because of a low didectric constant; however, an insu- 
than 10%, which b not acceptable. In such a case, it b lating treatment b applied to thb space so that contami- 
necessary to provide the metallic undercoat film over 40 nants will not intrude into thb space. Thb insulating 
the entire area of the substrate so as to obtain the equi- treatment may be carried out by pouring vamislL The 
potential for the dectn^lating. In thb case, die metallic varnish to be used may be dther of the solvent type and 
undercoat fihn must be etched and removed after the the non-solvent type. 

predetermined multilayer process b finished, Therefore, As described d)ove, the multilayer wiring construc- 
although the metallic undercoat film b provided at the 43 tion can be produced by sequentially forming a plurality 
1 wer layer, the layer at whidi the metallic undercoat of layers by dectroplating, and in thb maimer a module 
fihn b formed b not dways limited to the lowermost board required for a computer or the like can be pro- 
layer, duced. 

In the conventional method, the photoresist b coated. The various materiab used in the thin film mnltOayer 
aiul the grooves are formed, and the wiring conductor 30 wiring board-producing method of the present inven- 
b filled in die grooves by dectroplating, and thereafter tion will now be described. 

the photoreast b dissolved and removed by a solvent As the insoluble permanent insulating film, there can 
The steps of the formation and removd of the photore- be used polyimide; polyamide* pdyamide-imide, a cya- 
sist are needed so as to etch and remove the mrtallic nate ester redn, an qxny resin, and an isocyanate- 
undercoat film formed thenMow over die entire area 33 oxazoiidone resin ix^iich have a high diennd resistance 
oi the substrate. Therefore, it b unnecessary to remove (ce^ble ci withstanding die process t e mper atu re dur- 
the metallic undercoat film by etching after the forma- ing the connection and production of the multilayer 
tion of tbe wiring oondnctor, escept at that layer pro- oonstmctionX ^ transition temperature and a 

viding the conunon electrode of the plating, since the hi^ adhesive property. However, the insoluble insdat- 
photoresist does not need to be used as the plating resist, 60 ing film b not limited to these materials, 
and the permanent On^oldile) insulating film, vfidch Polyimidetobeusedmaybedtherofthephotosensi- 
remains firom the bpgmning to the end of the process, tive type or the non-photosensitive type, and may not 
can be used. Namdy, a disadvantageous treatment for be limited to a specific chemical structure. However, 
repladng the photoresist by the permanent insulating the polyimide should preferably have a high thermal 
film can be omitted. And beades, the step of flattening 63 decompo^tion temperature (not less than 200* C. and 
the rugged portion of the permanent insulating film by preferd>ly not less than 2S0* C), a high glass transition 
grindmg and polishing m the conventiond method b temperature (not less than 200* C and preferably 280* 
omitted. C.) and a low thennd .expansi n coeffident (not more 
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t]ian20piim*Cri).Particii]ady,tlietype fpolyimide, caotaiiis InplieQ^ mdety or terpheiiyl moiety in its 

which contains^ as an essential oonqKment* anhydride moleculet and has a high tfaennal resistance, a high glass 

having biphenyl moiety or terphenyl moas^ty, or a di- transition temperatoie and a low thermal expanaon 

amine havmg biphenyl moiety or terphenyl moiety, is coefficient Usnally, the above film-like material can not 

mostprefened 5 be bonded to the substrate, and therefore is used in the 

Polyimide is excell e n t in all of the above physical form of a film with an adhesive of acrylic lesin or epoxy 

properties^ but poses some problems. More specifically, resin, or in the form of a B-stage film. Before laminating 

the caring temperature must be finally as l^gh as 350' to the layers, grooves for filling the conductor therein may 

400* C Since it is supplied m the form of a solvent be formed in this film-like msulating material at a place 

varnish, it is necessary to volatilize the solvent when 10 off the production Kne, and also the metaDic undercoat 

cured, and therefore pin holes inevitably develop in Ae shn may be formed. This is very effective in reducmg 

insulating fihn. Polyimide can not be coaled into a de- the time of production of the thmfihn multilayer wirmg 

sired thidmess (for example, 20 /im) of the wiring layer board. 

at a time, and therefore it must be coated two to three The soluble insultmg fihn is not limited to the above- 

times, and the time required for the curing is more than 15 mentioned materials, and it may be formed by chend- 

several hoiKK. cally modifying the above permanent msuladng fihn to 

On the odier hand, an qwxy resm can be supphed m ^ solnWlity tixereto. For example, a high molecu- 

a non^lvent conditicm (that is. this resm is not dis- k^weight phenc^ 

solved ma solvent), and a coatmg without pin holes can used, 

be formed. Besides the epoxy resin has a curing temper- 20 n^^^.,^^ ;««,w;^i.*i.^.^-i«^^:-*^K-.cii^u« 

ature of 1 50' to 200* C which is much lower than ti^t , ^ ^'^^ ? conductor is to be fffled by 

f «r.i«t«M^ th^fiL. til .^^ fiZ. platmg so as to form the wmng conductors of the via 

^f^f ^ hole ^yers (the through hole kyers), the X-direction 

Although there are these advantages, the epoxy resm is . . , *u v • ™. ^ , a-uuw^uuu 

inferior hi physical pn>perties to Z poffle. More ^^^^ ^Ll^^- wmng layer and the 

spedficanyf die conveil^md epoxy^ has a low 25 layer, m^ be formed m ^e above pe^^ 

thermal decomposition temperaWe and a low glass «^tmg fihn. The grooves can be formed 

transition tempemture both of which are less than 200' a photohthograpy, but can 

C. and a high thermal expansion coeffident Under be formed by any otiier suitable process. 

these circumstances, the inventors of the present mven- . The metallic undercoat fflm has dectrical c^^ 

tion have made an extensive study, and have found the 30 itY «> tiiat it can serve as the electrode for die dectro- 

followmg facts. A cured substance of an epoxy com- Plating or as the undercoat for the dectroless plating. 

pound Mdudi oontams a curing agent havmg' diammo For example, the metallic undercoat fihn can be formed 

dqdienyl methane, diammo dq>henyl solfone, biphenyl deposition, sputtering, ion plating, dectro- 

mcnety or taphenyl mcnety, and f«>piitliiiii>nf! moiety, as • P^^S ^ dectroless plating either ahme or in combi- 

wdl as a cured substance ofanefxixyresn havmg nnide 35 nation. In this case, for example, the m^allic undercoat 

mdety, has a ♦iimmi deoanqK»ition temperatnre of not ^ ^ constituted by a metal layer or multilayer, such as 

less than 300* C and a ^ass transition temperatnre of Ci/Ca/Oi Ti/Cu/li, H, Gn, Zn, Sn, Co, Fe, Ni, 

not less dian 300- C and these substances wen satisfy Ni/Ca, Rh, and In. 

the required thennalzesistanoe of a module board for a ^ wirmg conductor metaL conventional metal 

computer. The inventors of the present invention also 40 ^ resistivity, such as An, Ag and Co, can be 

have found the epoxy resin which is lower in thermal used. 

expansion coefiSdent than that of the conventional type, present invention wiQ now be described in detail 

and this epoxy resin, when cooperating with a copper ^ following Exaiiq>les. 

conductor to form a composite structure, is much low- EXAMPLE 1 
ered m thermal stress. Further, this epoxy redn is sev- 45 

eral times higher in adhesive strength tlian polyimide. FIGS. 4A-4I shows the sequence of steps of a 

Therefore, dq>ending on the purpose of use of the mod- method of produdng a thin film multilayer wiring 

ule, the epoxy resin is suitably used as the insulating film board according to the present invention. In FIGS, 

of the thin film multilayer wiring board because of its 4A-4Jy a conductor is filled in grooves by eiectroplat- 

shortened production time, the structure without pin 50 hig. 

holes and the high adhesive p ropert i es. Particnlariy ^ FJG, 4A, a metallic undercoat film 42 of Cr/Cn 

when the substrate is thick, much time is required for having a thickness of 0.8 /xm is formed on a ceramics 

the temperature rise and the heat radiation for cooling, substrate 41 (which may have a multilayer wiring), 

because such a substrate has a large thermal capacity. In FIG. 4B, a soluble polyimide insulating film 43 

such a case, the non-sol vent type epoxy resm which can 55 having a thickness of 30 jduu is coated onto the metallic 

be cured at low temperatures is very suitable. It is not undercoat film 42 by a spinner, and is finally baked at 

always necessary to use the permanent insulating fihn 350* C Then, an ahnninum film subjected to patterning 

and the soluble insulating film in the form of varnish, is formed as a mask on the polyimide fihn, and grooves 

and they can be ^plied to the board of the present 44 are formed in this film by an oxygen plasma, so that 

invention in the form of a fihn-Iike material made of 60 the metallic undercoat film 42 is exposed at the bottoms 

polyimide, polyamide, polyamide-imide, polyester, of the grooves 44. 

polycarbonate or the like. In this case, particnlariy. In FIG. 4C, the metallic undercoat film 42 is dipped 

there is an advantage that there can be selected a suit- in an aqueous solution oi copper sul&te, and copper is 

able pomanent insulating film wdl matching the board predpitated and filled in the grooves 44 by dectroplat- 

f the invention in various properties such as the ther- 65 ing, using the metallic undercoat film 42 as an electrode, 

mal decomposition temperature, the glass transition thereby formmg via hxde wiring oonductors 45. 

teii4)efatnreandtiie thermal expansion co^Bdent One In FIG. 4D, a metallic undercoat film 42 ctf Gr/Ca 

exanqiie of such film material is a potyimide film whidi haviog a fhidmess of 0l8 ;im is formed by guttering at 
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those portions <Usposed bnmediately beneath an X-Iayer undercoat fUm 42 being several fun larger in width than 

wiring to be f rmed at an upper layer. the X-layer wiring. 

In FIG. 4E, an insoluble polyimide insulating film In FIG. 4E, an insoluble polyimide film (insulating 

(permanent insulating film) 46 having a thickness of 20 film) (20 fum tiiick) with an adhesive is bonded to the 

fun is formed on the upper surface. Then, an aluminum S upper surface, and is cured at 150° C for several min* 

film subjected to patterning is formed as a mask on this utes. Th^, grooves 44^ arranged in a pattern corre^ 

polyimide film, and grooves 44 are formed in the poly- spending to an X-layer wiring pattern, are formed m the 

imide film by an oxygen plasma, so that the metallic polyimide film by ekkbima laser through a mask, so that 

undercoat film are exposed at the bottoms of the the metallic undercoat film 42 is exposed at the bottoms 

grooves 44. 10 of the holes 44. 

In FIG. 4F, since the metallic undercoat film 42 in FIG. 4F, ance the Cr/Ca m^allks undercoat film 

(which is connected to the via hole wiring conductoirs 42 (which is connected to the via hole wiring ccmduc- 

45 at the bottoms of the grooves 44X having a pattern tors 45 at the bottoms of the grooves 44)^ having a 

oonesponding to the pattern of the X-layer wiring, has pattern oorrespondmg to the pattern of the X-layer 

been exposed, this is dipped in an aqueous solution of 15 wiring, has been exposed, tins is dipped in an aqueous 

copper sulfate, and copper is precipitated and filled in solution of copper sulfate, and copper is precipitated 

the grooves 44 by electroplating, using the metallic and filled in the grooves 44 by electroplating, using the 

undercoat film as an electrode, thereby forming X-layer m^allic undercoat film as an electrode* thereby forming 

wiring conductors 45. X-kyer wiring conductors 45. 

in FIG. 4G, according to the procedure of fozmation 20 In FIG. 4G, according to the procedure of formadon 
of the X-layer wiring, a via hole layer, a Y-layer, a via of the X-layer wiring, a via hole layer, a Y-layer, a via 
hole layer, a ground layer and a via hole layer are se> hole layer, a ground layer and a via hole layer are se- 
quentially formed in a laminated manner. quentially formed in a laminated manner. 

In FIG. 4H, the soluble polyimide insulating film 43 is In FIG. 4H, the soluble polyimide insulating film 43 is 

dissolved and removed by a solvent 25 dissolved and removed by a solvent 

In FIG. 41, the metallic undercoat film 42 at the low- In FIG. 41, the metallic undercoat film 42 at the low- 
ermost layer except for those portions thereof disposed ermost layer except for those portions thereof disposed 
immediately ben^ith the via hole conductors is etched immediately beneath the via hole conductors is etched 
aiui removed by cerium (IV) ammomnm snlfote dihy- and removed by cerium (IV) ammonium sulfate dihy- 
drate. 30 drate. 

In FIG. 4J, the spaces, formed as a result of removing In FIG. 4J, the spaces, fonned as a result of removing 

the soluble polyindde insulating film 43 by dissolving the soluble polyimide insulating film 43 by dissolving 

and as a result of removing the metallic undercoat film and as a result of removing the metallic undercoat fihn 

42 by etching, are treated with polyimide varnish to 42 by etching, are treated with polyimide varnish to 

insulatively cover the via hole copper. 35 insulatively cover the via hole copper. 

With the above steps, one set of signal layers have With the above steps, one set of signal layers have 

been formed. If necessary, one or more sets of signal been formed. If necessary, one or more sets of signal 

layers can be further formed on this first set of signal layers can be finther formed on this first set of signal 

layers by rqyeating the steps of FIG& 4B to 4J. layers by rqieating die steps of FIGS. 4B to 41. 

EXAMPLE 2 ^ EXAMPLE 3 

In this Example, as in Example 1, a thin film multi- FIGS. 5A-5K shows the sequence of steps of a 

layer wiring board is produced according to the method method of producing a thin fihn multilayer wiring 

shown in FIGS. 4A-iI. However, in Example 1, the board according to the present inveotioa. la FIGS, 

soluble and insoluble msulating films are formed by a 45 5A-^5K, a conductor is filled in grooves by dectroj^t- 

liquid material whereas in tins Exanq>le, film-like mate- ing or a combination of electroless plating and electio- 

lials are used as the insulating films. plating. 

In FIG. 4A, a metallic undercoat fihn 42 of Cr/Cn In FIG. 5A, a metallic muiercoat film 52 of Cr/Cn 

hainng a thidmess of 0.6 fun is formed by sputtering on having a tinckness of 0.8 fun is formed by guttering on 

a ceramics substrate 41 (whkii may have a multilayer 50 a ceramics substrate 51 (which may have a multilayer 

wiring). wiring 

In FIG. 4B^ a sQluble polyimide fihn (25 |im thick) 43 In FIG. 5B^ a soluble polyimide msulating film 53 

witii an adhesive is attadied to the metallic onderooat having a thickness of 30 |tm is coated on the metallic 

fihn 42, and cored and adhesivdy bonded thereto. midercoat film 52 by a simmer, and is finally baked at 

Then, grooves 44^ arranged ma pattern oorrespondmg 35 350* C Then, an ahnmum film subjected to patterning 

to a via hole pattern, ace formed in the polyimide fifan is formed as a mask on the polyimide fihn, and grooves 

by drishima laser thxougih a mask, so tiiat the metallic 54 axe formed in tiie polyimide film by an oxygen 

undercoat film 42 is exposed at the bottoms of the plasma, so that the metallic undercoat film 52 is exposed 

groove 44. at the bottoms of the grooves 54. 

In FIG. 4Q the metallic undercoat film 42 is dipped 60 In FIG. 5C, the metallic undercoat film 52 is dipped 
in an aqueous solution of copper sul&te, and copper is m an aqueous solution of copper sulfate, and copper is 
precipi^ted and filled in the grooves 44 by decttoplat- precipitated and filled in the grooves 54 by electroplat- 
ing, using the metallic undercoat fifan 42 as an electrode, ing, using the metallic undercoat film 52 as an electrode, 
thereby forming via hole wiring conductors 45. thereby forming via hole wiring conductors 55. 

In FIG. 4D, a metallic undercoat film 42 of Cr/Cu 65 In FIG. 5D, a metallic undercoat film 52 of Cr/Cu 

having a thickness f 20 fun is formed by sputtering at having a thickness of 0.8 /im b formed by sputtering at 

those portions disposed immediately beneath an X-layer those portions disposed immediately beneath an X-layer 

wiring to be formed at an upper layer, the m^allic wiring to be formed at an upper layer. 
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In FIG. jn insoluble polyimide mmUiting film be provided over the entire surface. The via hole con> 

(permanent wwniating film) 56 having a thickness of 20 ductois are disposed in the ground layer in electrically 

is formed on th upper surface. Then, an aluminum interrnpted relation to the ground layer, and are electri- 

film subjected to pattetidng is formed as a mask on the cally connected to the Y-layer wiring beneadi this 

polyimide fifan, and grooves 54 are formed in the poly- S ground layer. Therefore, the metaOic undercoat £Qm 

imide film by an oxygen plasma, so that the inetallic (serving as the common electrode) at the lowennost 

undercoat fihn is exposed at the bottoms of the grooves layer is not electrically connected to the metallic under- 

54. coat film at the ground layer, and therefore it is neces- 
In FIG. 5F, copper is filled in the grooves 54 by sary to electrically connect the two together from the 

dectrdess plating to form dectroless-plating oonduc- 10 exterior. 

tors 57 having a thickness of 5 fun. EXAMPLE 4 

In FIG. 5G, dectroplating is further carried out using tJUKNLriAi 4 

the metallic undercoat film 52 of Cr/Cu (which is con- FIGS. 6A-4kK shows the sequence of steps of a 

nected to the via hole wiring copper at the bottoms of method of producing a thin film multilayer wiring 

the groove 54) having a pattern conesponding to an 15 board according to the present invention. In the method 

X-layer wiring pattern, thereby forming X-layer wiring of FIGS. 6A-6K, the step of forming a material capable 

conductors 55. of selective etching is added to the method of FIGS. 

In FIG. 5H, an insoluble polyimide insulating film 4A-4J. 

(permanent insulating film) 56 having a thickness of 20 In FIG. 6A, a metallic undercoat film 62 of Ni/Cu 

|im is formed on the upper surface. Then, an aluminum 20 havingathicknessof 0.8 funis formed by sputtering on 

film subjected to patterning is formed as a mask on the a ceramics substrate 61 (which may have a multilayer 

polyimide film, and grooves are formed in the poly- wixingX 

unide fihn by an oxygen plasma. Then, the X-Jayer In FIG. 6B, a photoresist 63 having a tfaidmess of 22 

wiring conductors exposed in the grooves are dipped in fun is coated on the metallic undercoat fihn 63 by a 

an aqueous solution of copper sulfate, and copper is 25 q>inner, and grooves 64 are formed by exposure and 

precipitated and filled in the grooves by electroplating, devdojHnent, so that the m^allic undercoat film 62 is 

using these wiring conductors, thereby forming a via exposed at the bottoms of the grooves 64. 

hole layer. An insoluble polyimide insulating fihn (per- In FIG. 6C, the metallic undercoat film 62 is dipped 

mancnt insulating film) 56 having a tfiickness of 20 ftm in an aqueous solution of copper sul&te^ ami ccqyper is 

is fonned on the supper snrfiioe. Then, an aluniinum 30 precipitated and filled in the grooves 64 by electroplat- 

film subjected to patterning is formed as a mask on the ing, using the metallic undercoat film 62 as an dectrode, 

polyimide fihn, and grooves are formed in the poly- therdyy forming via hole wiring oondnctars 65. 

unide film by an oxygen plasm, so that a metallic under- In FIG. ffi, the photoresist 63 is entirely dissolved 

coat fihn, having a pattern correspondiiig to a Y-layer and removed by a solvent 

wiring pattern, is exposed at the bottoms of the grooves. 35 In FIG. 6E, Zn 67 is precipitated and filled in those 

Copper is precipitated and filled in die grooves by dec^ portions* firom wU^ die photoreast 63 has been re- 

tioless plating to form dectroless-plating conductors 57 moved, by electroplating u^ng the metallic undercoat 

having a thickness of 5 pm. Farther, electroplating is film 62 as an electrode, thereby forming via hole wiring 

carried out usmg, as an electrode, the metallic under- conductors 65. The Zn 67 precii»tated on the via hole 

coat film 52 of Cr/Cu (whidi is connected to the via 40 wiring 65 b removed, and the rinsing is carried out 

hole conductOT copper at the bottoms of the grooves With this procedure, the waip of ^ ceramics substrate 

54) having a pattern corresponding to the Y-layer wir- 61 was greatly reduced. 

ing pattern, thereby forming Y-layer wiring conductors In FIG. 6F, an insoluble polyimide insulating film 

55. Then, according to the procedure of formation of Q>ennanent insulating fihn) 66 having a thickness <^ 22 
the X-layer wiring, a via hole layer, a ground layer and 45 ;im is coated on the upper surfiace by a spinner, and is 
a via hole layer are sequentially formed in a laminated heated and cured. Then, grooves for forming an X-layer 
manner. wiring are formed by ekishima laser, and the Zn 67 and 

In FIG. 51, the soluble polyimide insulating film 53 is the via hole wiring conductors 65 are exposed, 

dissolved and removed by a solvent In FIG. 6G, since the Zn 67 and the via hole wiring 

In FIG. 5J, the metallic undercoat film 52 at the 50 conductors 65 have been exposed at the bottoms of the 

lowermost layer except for those portions thereof dis- grooves 64, they are dipped in an aqueous solution of 

posed tmmediatriy beneath the via hole cooductois is copper sulfate, and copper is predpitated and filled in 

etched and removed by cerium (IV) ammoninm snlfiite die grooves 64 by electroplating using them as an elec- 

dihydrate. trode, thereby forming X-4ayer wiring conductors 65. 

In FIG. 5K, the spaces, formed as a result of the 55 In FIG. 6H, an insoluble polyimide insulating film 

removal of the soluble polyimide insulting film 53 by Q>ermanent manlaritig film) 66 having a thickness of 20 

dissolving and as a result of removing the metallic un- fun is formed on the upper surface. Grooves are formed 

dercoat film 52 by etching, are treated with polyimide in the polyimide film by ekishima laser, and the X-layer 

varnish to insulatively cover the via hole copper. wiring condnctors 65 exposed in the grooves axe dipped 

With the above steps» one set of agnal layers have 60 in an aqueous soluticm of copper sulfete, and copper is 

been formed. If necessary, one or more sets of signal precipitated and filled in the grooves by electroplating 

layers can be fiuther formed on this first set of signal using the exposed conductors 65 as an electrode, 

laym by repeating the stq» of FIGS. 5B to 5K. thereby forming a via hole layer. An insoluble poly- 

The metallic undercoat fihnsQfthevriring pattern for imide insnTating fihn (pennaneat insulating film) 66 

the electrc^ess plating are provided at the X-layer and 65 having a thickness of 20 |im is formed on the uppa 

Y-layer, respectively, and these undercoat films need to surface. Grooves are formed by ekishima laser, so that a 

be proidded at least at those portions d&posed immedi- metallic undercoat film is exposed at the bottoms of the 

atdybeneatii the wiring oonductbfs, but do not need to grooves. Electroplating is carried out ising, as an elec- 
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trode,tl!einetaIfic.i]iidefcoatfnm62ofCr/^ photoresist 63 has been removed, by electroplating 

connected to the via hole conductor copper at the bot- using the metallic undercoat fihn 62 as an electrode, 
toms of the grooves 64) having a pattern corresponding therd>y forming via hole wiring conductors 65. With 
to a Y-layer wiring pattern, th^by forming Y-layer this procedure, the warp of the ceiamics substrate 61 
wiring conductors 65. Then, according t the proce- 5 was greatly reduced. 

dure of formation of the X-Iayer wiling, a via hole in FIG. 6F, an insoluble polyimide insulating film 
layer, a ground layer, a via hole layer are sequentially (permanent insulating film) 66 havmg a thickness of 22 
formed in a laminated manner. j^ftt is coated on the upper surface by a spinner, ^ nd is 

In FIG. 61, Zn 67 is etched and removed, and the heated and cured. Then, grooves for formmg an X-layer 
rinang is carried out. 10 wiring are formed by dkishnna laser, and the Zn 67 and 

In FIG. 6J, the metalUc undercoat fikn 62 at the the via hole wiring conductois 65 are exposed 
lowermost layer except for those portions thereof dis- fig. 6G, since the Zn 67 and the via hole wiring 

posed munediatdy beneath the via hole conductors is conductors 65 have been exposed at the bottoms of the 
etched and removed by cerium (TV) ammonium sulfate grooves 64, they are dipped in an aqueous solution of 
<nr Aa-m^ fi»«,^ »..it»r«^ " "'PP*' *'*'PP*' ^ prectpltated and filled in 

ifd'S^SS^JStJ^lSL^^ ^ ^""^ ** electroplating using them as an el«> 
• ^mAwsoat fflm O by ^lereby fonning X-layer wiring conductois 65. 

^dmig. aie treated wOi pdymnde vaimsh to msnla. fa FIG. «H. an insoluble polyimide insolating film 
fite Via Hole capp«- ^ « (pennanent insulating film) 66 having a thickness of 20 

JWfli the atoye steps, one set of signal toyers have 20 formed on the ^per surfece. cLoves are fonned 
been farmed. If necessary, one or more sets of signal ZsZ%.^ .^i^^^^.m^ u!rM^ui^^ i-^^ v 
layers can be further formed on this first set of simuQ "".^^ ^^^t^ ^ eki^ laser, and the X-lay^ 
h^ers by repeating die ste^of FIGS^ to (K. wirmg conductor « ex^ m the grooves^^ 

TheSLESdercoa^^of the wiiW^ ^ H^S-^^f^^ "^T "Tl^f^ 

the dectioplatmg are provided at theXJiy^ and Y. 25 I^P^^ 

byer,respc^ti>^y,andthesemidercoatfito^^ exposed conductors « ^ an electrode, 

piovidedVleastatthoseportionsdisposedhmnediately ther^Y fonmng a via hok hiycr. Further, »i uuoluble 
beneath the wiring conductors, but donot need to be P^ly^dc msidatmg ffl^^ msulatmg fihn) 66 

provided over the entire surface. The via hole conduc a thickness of 20 pin is formed on the i^ 

tors are disposed in the ground layer in electrically 30 su^fece. Grooves are formed by 
mterruptcd rt:lation to the ground layer, and arc dectri- imdercoat film is exposed at the bottoms of the 

cally connected to the Y-layer wiring beneath this grooves. Hectroplatmg is earned out usmg, as an dec- 
ground layer. Therefore, the metallic undercoat fihn ^^^odCy the metalhc undercoat fihn 62 of Cr/Cu (which is 
(serving as the common dectrode) at the lowermost connected to the via hole conductor copper at the hot- 
layer is not dectrically connected to the metallic under- 35 torn of the grooves 64) having a pattern corresponding 
coat fihn at the ground layer, and therefore it is ncces- *° * Y-layer wiring pattern, therAy forming Y-layer 
sary to dectrically connect the two together from the wiring conductors 65. Then, according to the proce- 
exterior when cariymg out the dectroplatmg. formation of the X-layer wiring, a via hole 

layer, a ground layer, a via hole layer axe sequeotiaUy 
EXAMPLE 5 ^ formed m a laminated manner. 

In this Example, as m Example 4, a thm fihn multi- ^ "^p- ^ 2ki 67 is etched and removed, and the 
layer wuing board is produced accordmg to the method rinsmg is carried out 

of FIGS. 6A-^ However, in this Example, Zn 67 is ^ metallic undercoat fihn 62 at the 

notpredpitatedonthe via hole wiring conductors 65 of lowermost layer except for those portions thereof dis- 
Exampk 4. 45 posed immediatdy beneath the via hole conductors is 

In FIG. 6A, a ^^f^t^ undercoat fihn €Z of M/Cu etched and removed by cerium (IV) ammonium sul&te 
having a thickness of O^fun is fonnedlyy sputtering on dihydrate. 

a cenunics substrate 61 (wfaidi may have a muitDayer ^ ^ spaces, formed as a result of remov- 

wiring). mg the Zn 67 and the metallic undercoat fihn 62 by 

In FIG. 6B, a photoiesbt 63 having a tt»«*lffWNM of 22 50 ^diing^ are treated with polyimide varnish to insula- 
pan is coated on the metallic undercoat fihn 62 1:^ a tivdy cover the via hole copper, 
spinner, and grooves 64 are formed by exposaxe and V/hh the shove stqps, one set of agnal layers have 
devdopment, so that the metallic undercoat film 62 is been formed. If necessary, one or more sets of signal 
exposed at Oie bottcmis of the grooves 64. layers can be fiirther formed on this first set of signal 

In FIG. 6C, the metallic undercoat fihn 62 is dipped 55 layers by repeating the steps of FIGS. 6B to 6fSL 
in an aqueous solution of copper sul&te, and copper is The metallic undercoat films of the wiring pattern for 
predpitoted and filled in the grooves 64 by dectroplat- the dectroplating are provided at the X-layer and Y- 
ing, uang the metallic undercoat film 62 as an dectrode, layer, re^)ectivdy, and these undercoat films need to be 
therd>y forming via hole wiring conductors 65. provided at least at those portions disposed immediately 

In FIG. 6D, a thin film of a surface active agent 60 beneath the wiring conductors, but do not need to be 
containing fluorine is coated on the entire surfaces of provided over the entire surface. The via hole conduc- 
the via hole wiring conductors 65, and is baked thereto. tors are di^sed m the ground layer in dectrically 
The photoresist 63 except for those portions thereof interrupted relation to the ground layer, and are dectri- 
around the via hole wiring conductors 65 b dissc^ed caUy connected to the Y-layer wiring beneath this 
and removed by a solvent 65 ground layer. Therefore, the mt^allic undercoat fihn 

In FIG. 6E, the metallic undercoat fihn 62 is dipped (serving as the common dectrode) at the lowermost 
in an aqueous solution <tf copper sulfiite, and Zn 67 is layer is not dectrically connected to the metalHc under- 
precqsitated and filled in those portioiiS, from whidi the coat fihn at the ground layer, and therefore it is neces- 



sary to electricsfly oomiect the two together fiom the In FIG. 7J, the Cr/Ca metallic fflm 73 on the lower 

exterior when cairying ut the electroplating. surface f the substrate is etched and rem ved by ce- 
rium (TV) ammonium sulfate dihydrate, thereby com- 

EXAMPLE6 pleting one set of signal layers. 

FIGS. 7A-7J shows the sequence of a method of 5 EXAMPLE 7 
steps of producmg a thin film multilayer wiring board 

according to the presoit invention. In the method of Modules are produced iismg the thm fflm multilayer 

FIGS. 7A-7J, unlike Examples 1 to 5, a step of the wiring boards produced in Example 2 and Example 6. 

method is applied to a Iowct surface of a substrate. A FIG. 8 shows the module usmg flie thick and thin fifan 

metalHc fSm is formed over an entire surface of a ce- 10 multilayer wiring board Oiavmg diick layeis and thin 

ramies substrate to made aU of I/O pin^de tenninals ^V^) of Example 2. FIG. 9 shows the module uaiig 

conductive. ^ ^ multilayer wiring board (all layers are thm) of 

lnFIG.7A.afilmofCr(0.05;im)andafflmofCu Example 6. . , ^ t. r - 

(0.5 lun) are formed by sputtering on an entire lower High-tempc^toe solto 83 » placed on each of pm- 

surfi^TcL^O^^ 15 '^JT^^u?^^^''^^'^^^'^^^ 

(whichmayCeamultilayiwiring)ofasquareshape f^^^ f^. "^^^^ri.'T^^ 

(100mmXl00m;thickness:lmm)tothcrcryprov^^^ mExample2. Apm84, whichishea^ 

metaDic fflm 73of Cr/Cn. This Cr/Ca metklL fihn is on^y atitscomie^porUonandisrec^^ 

STawmmonel^ hole.bconn^ 
^ alSTsdbSte 71 b coStcd oidTS^ 

*uJru^rZi.^^r^^«!Z^ • ductor-mountmg pads formed on the front surface of 

1^^^ ^A^rrv/n« the boaid, and is heated to a temperature of about 250' 

V ^ ^^l.^"^ und«coat fflm 74of Cr/Cu ^ LSIs 86 are elect&r comiected and 

havmga1^ckn«sof0.8;«nH»foi^ to these pads through the sdder 85. Then, a 

tiiose porfamis of the upper emrfi^ of die alumma sub- ^ ^ ^^^^^ conductivity, a good 

stiate71(100mmxl00mm;tiud^ thenmd conductivity«id heat resistance, is adhesively 

ground conductors and via hole conductors are to be ^ LSj p^^y^ 

formed. , . « low-temperature solder is placed on a solder seal por- 

In FIG. 70, an msoluble polyimide fflm 75 (20 /im ^ ^^^^ ^ ^^^^ ^ 

titick) with an epoxy adhesive IS bonded to tiie upper 3^ 200* C, and a covar seal cap, having an integral cooling 

surface, and is cured. Then, grooves, arranged m a fen 88 for coolmg the LSIs, is connected to the solder 

pattern corresponding to the patterns of the ground and ^ portion through the solder m such a manner that 

the via holes, are formed m the polyimide fihn by eki- themner sorfece of the seal cap is held m contact with 

shima laser through a ma^ so that tiie metallic under- ^ rubber pbte 87, theieby con^eting tiie module. 

coatfDm74isexposedat the bottom of the grooves. 35 Smilarly, the module is produced usfaig the thin fifan 

In FIG. 7D, the metallic undercoat fihn 74 is dipped multilayer wiring board of Exan^ 6. 

in an aqueous solution of copper sulfate, and copper is of the above four LSIs is a Ipgjc LSI, and the 

predpitated and filled in the grooves by electroplatmg ^^^^ ^ memory LSIs. 

usfa^ the metallic uidercoat film 74 as an dectrode, 

thereby fonmng via hole wnring ccmductocs 76 and 49 EXAMPLE 8 

ground wiring oondnctofs 77. A oonqniter is produced using the modules of Exam- 

in FIG. 7E, an insohihie polyinude film with an 7. fig. 10 shows a logic package of the computer 

epoxy adheave is bonded, and heated and cured» and usmg the modules of Example 7. 
grooves, arranged in a pattern cxmesponding to a via Iq piQ. 10, axteen (16) modules 101 of Example 7 are 
hole pattenw are formed in the polyimide film by eki- 45 mounted on a printed circuit board 102 to form the 
shima laso* through a mask. Using an aqueous sohitioa logic package of the computer. Then, a memory padc- 
of copper sulfate, dectroplating is cairied out using the age and an input/output procesang package are com- 
via hole conductors (disposed bdow this polyimide Inned with this logic padcage to form the computer, 
fihn) as an dectrode, thereby forming via hole oonduo- a*™^ w=v*u«w*3 1 

tors to form a via hole conductor layer 79. SD COMPARATIVE EXAMPLE 1 

In FIG. 7F, a metalHc undercoat film 74 of Cr/Cu, The conventional method of produdng the thin fihn 
having a pattern correspondmg to an X-layer wiring multilayer wiring board has the problem that the time 
pattern, is fonned by guttering. for producing the wiring board is long, and also has the 

In FIG. 7G, an insoluble polyimide film with an problemthatthesnbstxateis warped. Namely, while the 
epoxy adhesive is bonded, and heated and cured. 55 polyimide fihns are repeatedly fonnedt the substrate is 
Grooves, arranged in a pattern corresponding to the warped due to stresses devdoping in tiic interior. This 
X-layer wiring pattern, are formed in the polyimide film warp adversdy affects the grinding and polishing oper- 
by f^Hghtma laser. Uang an aqueous solution of copper ation for flattening purposes. Also, the warp makes it 
8ulfiite» X-layer wiring conductors are predpitated by difficult to perform the exposure of a large>area sub- 
electroplating using the metallic undercoat film 74 as an 60 strate at a time, and therefore the exposure must be done 
dectrode, thereby formiDg X-layer wiring oonductors by a stqKmd-repeat method, which is a major factor m 
70L lowering a throughput In a board for a high-^>eed 

In FIG. 7H, via hole conductors 79 are formed ac- transfer circuit of a computer, it is preferable that the 
cording to tiie above procedure. substrate be provided with the smallest thickness. Pref- 

In FIG. 71, according to the above procedure, a Y- 65 erably, this thickness should be not more than 1 mm, 
layerwiringlayer 702, a via hole conductor layer 79, an and under the circumstances, it is difiicnlt to prevent 
upper ground layer 78 and a via hde conductor li^er^ the warp of the substrate by incieasmg the tfaidmess of 
are sequentially formed. the substrate. 
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FIG. 11 showjitfae relation between tlie tiikkness of 
a polyimide fihn (flQ; manufactixred by Ifitadu Kasd 
K. K.) and a waip of a substrate. Polyimide vamish PIQ 
is coated in up to 32 layers (each having a thickness of 
12.5 nun after baking) on an alumina substrate (thick- 
ness: 1 mm; square sSaape (100 mmx 100 mm^ elastic 
modulus: 35x lO'OPa; Poisson's ratio v: 0.27). The stan- 
dard bakmg conditions are adopted. Namely, the baking 
time is 30 minutes, and the baking temperature is 140* 
C, 200* C. and 350* C The warp dTlhe substrate on the 
thin film side was measured using a wid&>range thin film 
step meter. The warp of the substrate reaches a large 
value of 180 fun when the thickness of the polyimide 
film is 400 lunu Namely, in fhe expoexae and develop- 
ment step, when the warp is laige» a fuzz or haze devel- 
ops in the transfer of a mask pattern, so that a proper 
pattern transfer can not be effected, which prevents a 
high-precision design of the drcuit It has been con- 
firmed by our experiments that the allowable upper 
Ihnit for ^e warp is 10 joutn. Therefore, unless the warp 
of the substrate is greatly reduced, the number of layers 
to be formed can not be increased in the conventional 
method. This is a major obstacle to the demand for the 
multilayer construction. 

On the other hand, in the present invention, when a 
plurality of layers are to be formed on the same sub- 
strate as described above, using polyimide films (film- 
like material) (20 fim thid^) each having an epoxy resin 
adhesive (1 to 3 fm thick), thermal stresses are so small 
as to hardly cause a warp, because even if the films have 
the same nature as TIQ, the thickness of the adhesive 
layer is very thin, and the epozy lesin can be cured at 
low temperatures of not morB than 100* C If the film is 
compressed and bonded by a hot press of an excellent 
flatness^ the flatness of the sur&oe of fhe hot press is 
transferred to the film, and the substrate is not warped. 
Therefore, with the film bonding method of the present 
invention, the multilayer construction can be suitably 
achieved, and in the present invention, the multilayer 4q 
construction having up to 100 layers can be achieved, 
whereas in the conventional method, the upper limit of 
the multilayer construction is 10 layers or so. 

Further, the polyimide is used in the cured form (that 
is, in the form of a film material), and dierefore unlike 45 
the vamish polyimide, the polyimide film, having a 
thermal expansion coefficient (3 to 10 ppm*C~^) sev- 
eral times lower than that of PIQ, can be used. As the 
thermal expansion coefficient of polyimide decreases* a 
problem arises in that the polyimide film can not be so 
bonded to the substrate and another polyimide film. The 
limit of the thermal expansion coefficient in thk case is 
about 1 0* to 1 8* C - 1 . When the polyimide is used in the 
form of a film material as described above, the adhesive 
bonding is carried out not by mutual fusion of the poly- 
imide molecules, but by the epoxy resin having an ex- 
tremely hitler adhesive strength dian the pdyimide. 
The range of choice of the qx>xy resin is wide, and a 
considerable degree of fiteedom is obtained widi respect 
to its choice, and the thickness of the adhesive layer is 60 
extremely small, and even if the thermal eq^an^on coef- 
ficient of the polyimide is greatly decreased, this will 
not adversely afiiect the adheave bonding because the 
adhesive bonding is carried out by the epoxy resin. 
Incidentally, instead of using the polyimide fUm having 65 
the epoxy resm coated thereon, an epoxy resin may be 
coated on the substrate in which case the polyimide film 
is bonded to ^ epoxy rean. 



10 



15 



20 



25 



30 



35 



55 



As described above, the film bonding method of the 
present invention is quite effective in decreasing the 
thermal stresses^ and can contribute to the reduction of 
the warp and the multilayer construction. 

What is claimed is: 

L A thin film multilayer wiring boaid-produdng 
method comprising the steps of: 

(1) forming a first metallic undercoat film on a sub- 
strate, then forming a soluble insulating film on said 
metallic undercoat film, forming grooves in said 
soluble insulating film so that at least a part of the 
metallic undercoat fihn is exposed at the bottom of 
each of the grooves, and then filling a first conduc- 
tor m said grooves by electroplating, therd>y form- 
ing a first layer; 

(2) subsequently forming an insoluble insulating film 
on said first layer or on a patterned metallic under- 
coat film formed on said first layer, which m^allic 
undercoat fihn is electrically connected to said 
conductor provided in the first layer, forming 
grooves in said insoluble insulating film so that at 
least a part of the first layer or the metallic under- 
coat layer fonned oa said first layer is exposed at 

bottom of each of the grooves, and then filling 
a second conductor in said grooves by the use of 
electroplating or both electroless plating and elec- 
troplating, thereby forming a second layer on said 
first layer or on the metallic undercoat film formed 
on said first layen and 

(3) subsequently removing said soluble insulating film 
and a part of said first metallic undercoat film 
which is exposed, and then forming an insoluble 
insulating film at those portions from which said 
soluble insulating film and said first metallic under- 
coat film have been removed. 

2. A thin film multilayer wiring board-producing 
method comprising the steps of: 

(1) forming a first metallic undercoat film on a sub- 
strate, then forming a soluble insulating film on said 
metallic undercoat fihn, forming grooves in said 
soluble msulatmg fihn so that at least a part of the 
metallic undercoat film is exposed at the bottom of 
each of the grooves, and then filling a first conduc- 
tor in said grooves by electroplating, thereby form- 
ing a first layer; 

(2) subsequently f ormmg an insoluble insulating fihn 
on said first layer or on apattemed metallic under- 
coat film formed on said first layer, which metallic 
undercoat film is dectricailly connected to said 
conductor provided in the first layer, fiumhig 
grooves in said insoluble insulating fihn so that at 
least a part of the first layer or the metallic under- 
coat layer formed on the first layer is exposed at the 
bottom of each of the grooves, and then filling a 
second conductor in said grooves by the use of 
electroplating or both electroless pkOmg and elec- 
troplating, thereby forming a second layer on said 
first layer or on the metallic undercoat layer 
formed on the first layer; 

(3) subsequently repeating said step (2) one or more 
times to provide a multilayer construction; and 

(4) subsequently removing said soluble insulating film 
and a part of said first metallic undercoat film 
which is exposed, and forming an insoluble insulat- 
ing film at those portions from which said soluble 
insulating film and said first metallic undercoat fihn 
have been removed. 



